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ELECTRICITY 

IN  THE  SERVICE  OF  MAN 

PART  II 

The  Technology  of  Electricity 

CHAPTER  V 

ALTERXA  TE-rURRi:ST  MOTORS 

The  plomentan-  principles  undtrlxiny  thi-  workini;  anrl  rnnstniction  of 
alternate-  iirrt'iit  iiK.tMr-,  iH.tli  iik niMpli,,^,-  an.l  jiuK  plKi-e,  liavint,'  beon  ilcalt 
witli  ill  (li  lail  in  1.  (.srr  pai;is  Oi  o  to  t,jy),  tlii'  pffM-nt  i  haj)tcr 

will  be  devoted  chit-fly  to  showing  how  those  principles  are  applieii  in 
modem  motors,  and  for  this  ])nrpiisf  -^i  vi  ral  ri  i)r,-(  iitativi-  in.u  liint  s 
will  be  described,  and  attcntioji  will  be  calii'd  to  turtlicr  i  onMiiiu-nces 
uf  the  Icadini,'  |)rin(  iiii«  s  involved  either  in  working  or  cimstnu  tiun.  The 
polyphase  motor  for  a  long  time  received  the  greater  share  of  attention, 
and  was  the  more  widely  tised  ;  it  therefore  seems  desirable  to  deal  with 
it  fir-t,  more  i  -pe.  i.illv  -inc  e  it  illn-tiate--  in  a  Inrni  reaililv  lollo\\e,|. 
will  be  gatliend  from  what  has  been  written  in  the  previous  volume,  the 
Starting  devices  found  necessary  with  many  types  of  monophase  motors. 

As  explained  already  in  Vol.  1.,  ev.  ii  polyphase  motors  fall  into  sttveral 
distinct  types,  which  may  be  -.ununari>cil  as  lollows  : — 
{ii)  Synchronous  motors. 

(b)  Induction  motors. 

(c)  Commutator  motors. 

(i.)  Series  or  shunt, 
(ii.)  Kepulsion. 

Of  these  (</).  the  synchronous  motor,  is  simply  a  reversed  generator,  and 
runs  at  one  detinite  speed,  which  is  ti.xed  bv  the  nuiiibi  r  ol  its  pule,  and 
the  frequency  of  the  suj)ply  current.  Its  iiiot..r  u-e  limited  by  this 
re-tri<  ti(-n  "t  it^  speed  tu  such  applii  atiom  a  raiiSii,i--i..n  tirives,  coupled 
plant,  etc.,  but  it  has  another  u-s*,  with  which  we  deal  later,  as  a  device 
96 
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fdi  iiniiidviiig  the  |>i''.\ii  L.  tur  cf  tin  (inuit.  Main  fdrnis  dl  t;<'i"-'rafors 
wliicli  can  Iw  ust'd  as  sj  iuliroiious  ini)tt>i>  havi-  alivaily  Wvn  lUscTihitl,  and 
thtTcfuri'  wi-  pass  on  fo  tlic  more  widfly  ust-d  typ«'s,  tlumtih  it  is  nf>w  r<'coj,'- 
niscd  that  Im  ninim-  n-c  -yiuiiiniiiui-  niai'liiiii-  '■luniM  \h-  a-  -ju-ciallv 
df.>ij,'ncd  ,i>  it  1-  tui  iji  iu  ratwr  u-c.  The  ilittu  iiity  ot  tlu'  stattin-  (>/  the 
synchronous  molar  is  nlcrrt'tl  to  lati-r  (stv  page  715). 

I.  -I'OI  YPHASH  lNt>(  (  TION  MOTORS 

It  111  Ik'  rf(allrl  tiiat  [Milyiilia'-r  iiKluitiini  iniitiir>  1  onsist  clortro- 
inagnt  ti(  ally  of  two  parts  :  (i.)  tlir  Stator,  iiUu  wliii  li  tin  line  or  wt)rking 
current  is  iatrodiici' I,  and  whirli.  as  its  nanif  implies,  is  fixed  ;  and  (ii.) 
tile  rotor,  w  liii  li  ri  \  i -  and  in  whii  li  '■nl\-  indir  rd  niin  iit-  tinu ,  tln  re 
beiiif,'  luj  iimdui  tiiii;  •  nnneitinn  with  thr  hiir  1  in  nit.  J'lii>  ((institutes 
the  chief  advantage  of  the  inihic  tioii  nn'tur.  Im  .  in  addition  to  the  ahsence 
of  a  eommutator,  the  great  drawhaik  of  a  ( itntinuoiis-ciirrent  motor, 
it  has  no  rubbing  cont.-u  ts,  and  therefore  no  nu(  hanieal  frii  tion  otlit-r 
th.iii  th.it  wliiih  i-  in-t  p.ir.ililr  iVmn  an\'  piece  ot  intatin;^  tnai  hinery, 
n.iuu  ly,  windage  and  the  Irii  tion  ot  the  bearings.  It  i>  true  that  in 
the  larger  sizes-  say,  from  5  h.h.I".  upwards  it  is  often  found  desirable 
or  i-\(  n  lU'i  i'~~ar\  id  piii\  idr  tin-  inti.r  winihiii^-  with  ~lip  riii^-.  whi'h 
soni'-uh.it  di  tr,i' t  Irnni  thr  -iiiiph'Jt\  "I  the  111,11  Innc  :  l)iit  thc.-e  are  onlv 
u>ed  (iir  -tartiim  purp'-'-.  wiini  mil  >pr.',l  h,i>  been  attained,  are 

usually  sliort-eircuited  so  that  the  bni^in  -  111. iv  l>e  lifted. 

It  mav  further  l)e  recalled  that  th  polyphase  current  in  the  st.itor 
win.liiiL:-  piux  idi-,  .1  n  tatin^'  Held  th(  .nitiul.ir  \(  jo;  it\-  ol  which  depends 
upon  the  number  ol  revolviii.L;  imle-,  or  pair>  ol  p(jles.  and  the  frequency 
or  periodi(ity  of  the  liiu'  inrrent.  Tliis  angular  vel<«ity  can  easily  In; 
(  al(  nlatnl  a-  th(  number  (;/,)  of  complete  revolutions  \x:r  minute,  and 
is  (m<-  patK  1.) 

«.   (r> 

where  ;/  is  the  |)eri(>dicity  of  the  current  snpjilied  in  perli;ds  per  seiond, 
ami     I-  till-  iii'i'iii.  i  (.1  1. 1  |H.l,  ~  liiniK  il       the  vtati.r.  I'lider  (irdiiiary 

Woikiii.;  .  iiinlitiiiii-  thi-  iiii.tur  i>  not  (piite,  but  i-  iu\iii\\  sviuiirniKnis — 
th.it  i~  till  -peed,  in  K.i'.M.,  i -  learly  constant  aiul(  (pial  to  The  actual 
speed  i.-  lf»  than  b\-  a  >iiiall  pi  n  rntaijc.  known  a-  tin-  s/if-  (v,-,  |)aL;c  j. 
Vol.  I.).  The  amount  ot  -lip  (-j  expn-Md  a-  a  pi  rctiu.i!;^  ut  i>  con- 
neited  with  the  actual  >pml  (u.p.m.)  I)\  ili    i  pi  ition 

K.i..M.=  ':;"(■    ;^).  ...(.) 

from  whu  h  lli>'  -lip  .  an  In-  1  ali  ulali  'l  when  tlu  otlirr  quanlitii  -  ke.own. 

Witiiiiul  .-i.iue  >lip  tht  i(4dr  i.inin.t  take  pnv,(r  lidiu  thi.  .-tat-r.  and 
the  machine  therefore  cannot  work  as  ,1  motor.    For  if  .s  =  o  we  liave 
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R.p.M.  «      an<l  the  conductori  of  the  rotor  wouM  tlu-n  forc  be  revolving 

as  r.ii>i.llv  ;is  the  rotatinj,'  field.  Tli.  \  sv<ml,l  in  tlii.  .  ..s,-  W  i<,vpini,'  >ffp 
witli  tli.-  ni..vin,!,'  lint  -  ..f  force  .-ind  \vnul,l  ,i,,t  1„.  ,  uttiiif,'  tlain ;  tht-refoa- 
110  K..M.I.S  \v.ml,l  !).■  iii.iutv,!  in  tlic^o  conductors,  ronsojucntlv  no 
mrrcnts  woukl  How.  and  in  tlic  .ih^-wv  «>f  .  nrrcnt-  in  \h,-  r..i..r  tii>  r.' 
w»>nM  be  no  mtx-hanical  action  betwivn  tiic  rutm-  :,n,l  fl„.  -f.itor,  and  no 
.■n.r:v  r..nl.l  W  tr.in>f,rn',l  tn  ni  one  to  tlir  otli.r.  To  maintain  such 
a  sj...-.!  an.l  to  -upply  .•n.i,i,'\-  fnr  the  frictional  los>es  the  rotor  would 
have  to  he  tn. .  h.inically  driven,  and  it  is  oasv  to  show  that  if  with  such 
a  .aeciianical  .hivv-  the  rotor  W  -.p,  ,  ,l,^l  np  .//..,v  the  >^vn.  hn.nou-  spee.l, 
«,,  enert;y  will  flow  in  tlir  reVer-e  direction  from  the  rotor  to  the  >tator. 
and  the  nia.  |,in,.  will  1  ,  n  act  as  a  generator  supplvini,'  power  to  the 
line  circuit.  Attempts  have  been  made  from  time  to  tim.  to  utilise 
this  property  of  imluction  motors,  an."  it  has  been  utilised  f..  rcgul.  tmi; 
innpoM>.  f,,r  regenerative  w»)rking  in  electric  traction  problerns,  and  in 
other  ilii\  (  tion-. 

The  ess,ntiil  p.irts  of  typi.al  polyphase  induction  motors  have  been 
Illustrated  in  Vol.  I.  (pages  6i8  '._•,;).  In  tine  fnr  further  illu-tnition 
modern  e.xamphs  of  such  motor>.  the  .!itfi.  tilty  rxpcriencnl  in  other  parts 
of  thi.  l),,ok  i~  a-ain  encountere  1  thai  i.  to  sav,  that  their  manufacture 
IS  now  so  widely  undertaken  by  hrst-das,  lirms  that  the  material  .ivailahlr 
IS  many  times  in  excess  of  that  for  which  space  can  be  foim  i.  11^. 
(U-i  riiition  of  the  ina.  hin. -  of  . crtain  lirni>  inu-t  not  therefor  taken 
tti  imply  that  those  ot  (^licr  lirms  are  necessarily  inferior. 

The  chief  (  l.issrs  ,,t  p,,ls phase  induction  motors  are  the  "  stiuirrel-catje  " 
motorandthe"slip-rin,i,'"orwomidmot,n-,  the  di-tin.  live  name  brim,- .In  i\a-,l 
from  the  ty{)e  of  rotor  use,|  (s,v  W.l.  I.,  pa-es  (,i,s  and  (._>.,).  Hr.  i,r>t- 
nanied  (lass  hi.  the  -r.at  a^Uanta^'e  of  simpliritv,  since  it  has  no  nibbint; 
contacts  and  is  (pjite  self-contained.  It  has.  however,  the  di~a,!\ anta-e 
that  Its  starting  torque  is  inferior  to  that  of  a  slip-rin-  mot..r,  .md  that 
It  .  inn..t  vt:ut  a,i,'ain-t  a  o.n~i,!.  r.il.lr  l,,,,,]  uithuut  l„  avv  and  phase- 
di-turhnif,'  starting  rnnvnts.  l-,.r  small  niotni>  it  mav  be  said  that  the 
scpurrel-caRe  motor  i-  most  widely  used,  whilst  for  very  heavy  work  the 
shp-ring  motor  holds  the  lieM.  In  the  interveniiii:  n-ion  the  Ml,ainn 
of  a  suitable  m,,t,.r  depemls  on  the  conditions  un.kr  which  it  is  required 
t"  work,  and  thetvloiv,  a-  r.  ;,ards  output,  tli.  re  is  a  wide  region  in  which 
the  two  I  lasses  overlap  and  compete  in  tlifir  adaptabilitv  to  MTvi.  e  con,  lition. 

In  I-igs.  6i)2  to  ()oo  and  on  Plate  XII.  i)articnlar>'are  .uiveu<.l  the  >tan- 
danl  p..l\j.ha-~e  iiv!,,.  ti..ii  m.,tnr-.  inaiuil,,,  ,,,,-,.,]  I,v  .M^-^m,.  liriice  Peebles 
.'11.1  (o..  .,f  I'llinhuruh.  The  particular  size  selected  lor  description  is 
K-nown  b\-  the  catalogue  numln-r  as  D  15  ;  its  output  under  various  con- 
ditions 01  winding;-  and  working  is  referred  to  later  (s,v  page  („,')  h 
IS  made  in  various  types  similar  to  thn,o  already  describe-!  in  connection 


Electricitv  Iff  THE  Sesi  /cs  of  Af.t.v 


6q2 

with  omt.nuuu.-  nrr.nt  motors  {.cc  pa,- -lU.  7;!'.;;^'' 
„.,.t..,l,  •  ■■  M  n„.,  n.  1.-  .1.  •  ■  t..t.,!!v  .  n,  K.se.l       pipe  vent,  ate.l. 
etc.,  an.l  w„h  .  ..l„  r        .,nMr,  1- "      a  "  wonn.I     rotor,  the  latter 
beinff.  of  courM",  <upi.lir.l  with  niiL'^. 

An  -  Nt.  n.,!  v,.  w  of  th.     prot.  t-.l     typ.  u.th  sqnnn  l.,  ,,.v  ro  .  r 
is  .how.  in  I  ,..  ......    Th.-  ma.h,,,.-  stan.l-  35i  >n«-l«-'^  1>'^  '■     -j^K  '< 

wide  an.l  .4  ,  nv  lu  -  Inn.  to  th-  -  n.l  .1  .Ik  -l-lt  -.rrv.n^  th.  p.il  .;>•  Iht 
Slip  rin«s.  wh.ch  have  t-        ..i...^  U.  th.  tnach...  wh.n  -i;.;;-;-'  -^h 

increase  the 
lenRth  hy  i^i 
in.  hcs.  riie.hicf 
t  xttrn.il  ft  atnres 
,if  the  incit'ir  I  an 
he  made  out 
from  the  lii;iire. 
anil  di  1  ni  it  I  all 
lor  any  >pei  lal 
description. 

Tlie  <  hicf  de- 
tails of  a  m<itor 
of  this  -i/e  are 
Ljiven  in  I'late 
XII.  In  this  case 
the  machine  se- 
lected has  a 
wound  rotor,  and 
particniars  are 
j^iven  of  the  slip 
rini;s.  The  draw- 
ing has  als<j  the 

nrmcipa!  dnnensiuns  marked  on  it.  lhes,>  dimensi.ms,  however,  heing  in 
millim.  i  ami  not  in  itiel.es.  The  cres  of  both  ^tator  and  rotor  are 
huilt  np  1  length  of  2.'5  mms.  (.S-<)  inches),  including  three  ventilating 
ducts  in  <  a,  i.  .  ase,  and  are  .  lamped  by  end  plates  ID  mms.  (0-4  mch) 
thick  riic  ..nirr  diameter  of  tlie  stator  rr.ro  is  (mu)  mms.  (23-6  inches), 
and  its  u.ner  diameter  4.55  mm-.  (17  i  inches).  The  outer  .hameter  of 
the  n.tor  core  is  4?V3  mms.,  thus  i:iving  an  air  i;aii  .mlv  .185  mm. 
(0  0; ;  iiu  li)  wide,  iti-t  -iitticieiit  f.>r  mei  hanical  clearance.  This  air-gap  can 
he  v'e'rv  ac,  m.it.  Iv  ad]ii-ted  by  menn-^  of  f.mr  set-screws  in  each  of  the  end 
covers.    ( »ne  .)f  these  is  shown  at  a  m  and  in  the  plate.    Tlie  slots 

in  both  sfator  and  rotor  are  very  nearly  elose.l.  there  being  96  slots  m 
the  stator  and  72  in  the  rot.ir.  these  numbers  not  being  identical,  for  reasons 
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tar  St.itMi 


given  at  papr  714.  One  of  the  stampings  u»id  for  tlio  st.itt.r  core  is  ^liown 
in  Fiu'  ('<»,5.  and  one  of  the  rotor  stampings  in  Fig.  604.    Except  whiTC 

otherwise 
marked,  all 

(1  i  ni  «•  ri  >ii)iis 
arc  K'^'t" 
niilliinttio.  It 
will  Ix' noticed 
that  the  rntnr 
stampin;4>  .m 
keyed  diriitly 
to  the  shaft, 
but  are  pro. 
vidcd  wit  h 
amj)le  Vtnti- 
iatiiig  ducts. 
Thf  St  at  or 
.-•l,ini|iin,i;^  arc 

;-iii)ilaily  k(yctl  to  the  housing.  In  Ua\\  cases  tlu'  >l>>t>  arc  ji>  mm.  lUt-p 
by  nun.  wide,  with  openings  2  mm.  wide  towards  the  air  Kap.  The  iron 
used  is  Xo.  27  s.w.r...  and  is  therefore  o-oUj  inch  tliii  k.    The  smu  N^iv.' 

.,         ^.  >tanipint;s  are  ni- 

sulated  from  one 
another  in  one  of 
the  usual  wavs. 

Tlle^i-  ^t.iMlplllLjS 

are  assembled  ni  an 
iron  castmi;  shown 
in  I'i  if  \1I.,  the 

Hit.  !  l..r  lit  till-  i-.ist- 
iii,  Im  mii;  ai  curately 
ImuciI  to  receive 
tiuin.     Thev  are 

(  .il'  illllv'  ill-Ill. ite.i, 
and  tlie  clatnpni^ 
cinl  plates  are  se- 

'  111 ■■■  1         ki  \'<  to 

•  iViiI'l     till'      ll>r  of 

tliiiiii:,'h  liiilt>.  in 
u  liii  h  wasteful  eddy 
currents  niav  !><■  set 

Ui'-.       ili'-  ;ij'["-;ir- 

aiu  e  of  a  conipleted 


d.i:  1  U  15  Mjtar. 
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stator  rarcass  shown  in  Fifi.  which  shows  thi-  unwrniml  «tafor  of 
a  similar  Imt  sunu-vhat  smaller  machine  (-!/<■  D  u)  built  I>v  tli--  -.inu> 
firm.  The  apptarame  of  a  stator  aUtr  it  is  wouml  can  Ik.'  inlt  rr<  .l  tmin 
Fip.  6q6,  which  is  also  repnxhiccd  from  a  workshop  phot»)Rraph  of  .1  -till 

smalItT  (si/.'  I)  <()  iiM'liiiir.  TIic  wimliii^  sli,.\vn  is  fi.r  1  fimr-polc  m.u  hine 
witli  (our  sluts  pi-r  \»Av  pt  i  pliasc.  It  i-  intcii^ii  'l  I'T  a  35u.v<'lt  J5  •  ycle 
circuit,  and  the  ni.i' liiiH'  i~  ratiM  tu  ;.'ivr  IJ  5  H.ii.i'.  \\\  7JJ  K.i'.M.  't 
will  be  noticed  that  (or  tiiis  size  there  is  only  one  ventilating  duct  in  the 

stator  core. 

The  iMtnf  stai'ipin^^s 
ari  >lici\vii  in  I'lati'  Xil.. 
as  assembled  directly  on 
the  shaft ;  fur  the  larger 
sizes  of  the  series  a  cast- 

ili.a  spider  "I  il^i  l  dr- 
-i<n  is  used.  In  all 
1  ,ises,  as  in  the  stator, 
the  u-e  of  tiirniiL;]!  l^ilts 
.iVfiided,  tlie  end 
I  Kiiiipii;^  pl.ites  bi  inj; 
■  (  urcd  by  keys.  One 
.if  these  rotors  fully 
\\.  .iind  ami  of  tlie 
-.pnrrel-caKe  tyix;  is 
shown  in  Fifi.  f)<)7.  It 

^    ^^^^^^^^^^^^^HL.  ^^^^^ 

MMM|^^r  '^^r^-  uig  consists  of  a  series 

^^^^^  Jte^iitflV  hare    copper  bars 

driven  into  the  >lut-. 
They  are  connected  to- 
gether at  both  ends  bv  rinys  of  a  sjii-cial  alloy,  cast  solid  on  to  the  ends  of 
the  ciipju  r  Imis,  makiiii;  .1  jcint  with  eai  h  bar  wliirli  is  both  niei  hanirally 
and  elertrii  ally  peril,  t.  and  which  avoids  the  possibility  ol  trouble  due  to 
defective  jointing. 

A  completed  wound  rotor  with  its  slip  rings  is  sliown  in  Fig.  0(>S.  the 
particular  rotor  silected  beirm  tlie  D  15  si/e.  represented  in  Plate  XII.. 
<ine  of  the  stanipiui^s  (il  wliich.  showinu  t'le  jTincipal  dinier,-.ii.iis.  has.ilnaily 
be<n  given  in  Fig.  O94.  It  will  be  noticed  that  three  ventilating  ducts 
are  provided,  as  shown  in  the  plate,  and  that,  whilst  there  are  no  binrling 
wii"' s  iv.i  --..'.  iii  Till  .iiiiiaUiii  ii.'ii,  tin  I  n.'  ciir.Tm  ;..is  are  %Try  .-t:i:.';-.;ly 
bound  down  to  keep  them  111  their  places.    The  actual  winfiing  on  the 


tfij;.— Unvvouiul  Stator  of  St^itrtlaii!  I)  la  Mwtor. 
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armature  shown  ]*,  for 

.it  <ii)  lyilf'.  till-  pit"  11 
hfini?  intendwl  to  run 
at  W<o  R.P.M..  ami  to 
civf  a  full-load  ontpnt 
■  >f  14  n.H  p.  T!  •  thi' 
ltM(l<  troni  thf  wiitdiiii;^ 
to  the  slip  rinijs  catt  b«' 
dourly  sten  ■  ni'  1  i;m:.; 
from  the  holluw  >li.itt 
The  slip  riiii,'*,  \vhi<  li 
arc  shown  in  the  ilraw- 
in«  in  Piatt-  XII.,  arc 
}  iiii  li  wiilc  .niil  il>  si|L;iic(l 
to  carry  Joo  .inifH-'ro 
]>cr  iihasc  ;  they  arc  pro- 
\  i.lcd  with  llic  ^pci  ial 
•-liiirt-circuitiiii;  in  iiil;c- 
mont  used  by  tlii-  tirm. 
which  is  separately  ilc- 
-1  ribcd  later  (niV  pa.yc 

-  '5).       The   I  I  itlllci  tinllS 

irmu  the  roll  r  windings 
to  the  slip  ririRS  are  rar- 

:hd  alonR  tlic  Imllnw  -iLitt,  and  the  >lip  nn 
d  cap  which  <  nniiiK  telv  encln-es  tliein,  !)iit 


.  'S9*.-\V..il  i.i 


Fig.  f  i7."-L.irge  ?i;u;:fel-La;e  KlKt. 


f  a  SuniUr  ,!  D  ,  M  .1  :. 

;s  and  :;ear  arc  |)n>tcctcd  hy 
an  he  rcadilN  removed  when 
i;ires-.iry.  Ihc 
three-phase  tcr- 
inin.ils  of  the 
tat'ir  \sin!ini; 
ale  hruui^lit  out 
ra  the  -i.ape  of 
liexiblc  cables  at 
le  ~i,le  lit  the 
niai  hull  .  \\iiilst 
the  tUxihIes  for 
conncctinsj  the 
-lip-riiiL;  nnishcs 
the  -t.irtins 
resistances  are 
!-.{•<  ;ii-^ht  "<it  at 
the  bai  k  I  if  the 
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plate  to  whk  h  the  pnitvctini;  cover  i»  attaclml.  Th<-  i>haft  at  tlie  pulley 
or  power  vwA  vili.l  ami  '15  mms.  (2  56  inrhes)  in  diameter.  It  is  carried 
bysttbstuiiti.il  iH-aniigs  m.uk-  <>f  rast-irun  lined  with  white  metal,  and  is 
hibrkated  by  loose  rotating  rini^,  the  iountal  box  being  .il>  iit  i}}^  mms. 

j  inches) 
I  «i  n  R .  The 
otiu  r  iiu<  liani- 
cal  tUtaii'*  <>( 
the  niuttir  are 
thoroughly 
well  de<»iKne«! 
throuf^ii'iiit. 

This  (1  e  - 
scription  of  a 
partidilMr  line 

  t>(  iH.Kiiliase 

ri«.  S,H     W  'un.l  Rolor  of  Ii  M  M  .i...,  -Iioxim  Sli    RiTijs  for  Surii  ii; 

I  11  cl  II  <   t  I  o  11 

motors  can  well  Ik'  concluded  with  an  illustration  (I  ik-  <«)<»)  ol  one  of  the 
larger  sizes  (D  33).    The  machine  shoM-n  is  disigned  t"  nive  jog  b.h.p.  on 

a  500-voIt  5(i-(  yi  i.  ( in  uit  ;it  485  k.p.m.  The  bcilpl.itf  "I  tlii-  liiiir  i-; 
70  iiuluskiiiR  and  in  inches  wide,  tlu'  m  m  liiii'  -t.iinlini;  iiulus  liigh. 
It  will  be  instructive 
to  compare  swh  tU - 
tails  as  can  be  ascer- 
tained I>y  insipectiiii! 
with  till'  corH-spoiul- 
inp  details  of  th« 
small"  I  111. 11  him  - 
Tlie  pc  r  I  0  I  mam  • 
curves  of  a  slight  l\- 
larger  •tiacliiue,  di 
signed  for  .;iio  b.ii  r. 
at  500  volt>  and  50  a 
arr  Kiveii  iu  l'"ig.  701  . 
It  will  be  noticed  that 
tin-  i  ttii  ii  ih  \  at  ti:Il 
load  is  cj4  pi  i  cent., 
antl  that  eliiciencies 
of  uNcr  Ml'  pt'f  ;tlit. 
arc  in.iiiitaiiirj  fiiMii 
the  power  l.n  U>\  at  It 


A  rao-H.H.r.  isoo-Voit  5ltp.HnK  pDlyphat;  M  itar. 


(lu.uter  load  to  a  51  ■  prr  cent,  overload.  Also 
lo.id  is  as  high  as  o'(|  and  the  slip  only  about 
2  pt-r  cent,    luirthei  iietL:.  on  perft-rinance  will  be  found  uii  page  7G1. 
With  these  examples  to  refer  to,  we  may  now  proceed  to  consider  some 
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of  the  details  ol  design  and  comtraction  a*  gmtvruliy  adoptml  in  polvpluse 
inducttun  motors. 

Th«  Nagrnetic  Circuit.— Sin..-  tin-  m.i^n.  ti.  tiiix.s  in  i>.itii  th,-  «iati»r 

an.i  fli(>  rot.jr  of  an  imiurtioii  in.>t.ii  .ir.'  .  ..ntinn.illv  .  ii.iiiynii;  \\\  p.Niiinn, 
both  in  space  ami  also  in  regard  to  llu-  iron  tliroii(;li  whiiii  tlwy  i>ass,  tlic 
magnetic  circuit  or  circuits  are  not  so  <i<>tinite  as  th«  y  an*  in  mntinuous- 
Current  motors  or  in  confintinus-  ..i  altciiuto-iuii.  nt  11. i,if..rs.  !?otli  the 
•tator  and  rotor  in  tluirconstruitioii  r  sinil>U- the  .irniaturt  s  ..I  i.r  nj.t. 
more  nearly  than  the  field-magnets,  and  the  fluxes  and  resulting  |iol.  x  at  anv 


instar.t  depend  uj..)!,  tin-  (•tiitciit>  tlowiii^-  in  tlii>  (■..ii,!urt(.is  .m  li,,tl,  .  ,,f 
the;iir-,uap;in.ltli.  ii  plias.  i.  latii.iisat  that  in  mt.  i  hc  ir.Mi .  01.  ^  tli.  i .  i.  ,n' 
taico  the  f  irm  .>t  armatuif  dues,  fiM.l  nr  n.tatorv.  a.Torditi!,'  as  tlit^v 
belong  to  till'  stator  or  tiie  rotor.  Tii.y  ar.'  invatial.lv  l.imiL.ii.  1  .in'l 
eitlier  slotted  or  tunnell.'d.  a  sm<«.th  luic  winding  h.  inc  uiikiiuun, 
that  til.'  only  roi.m  t,,r  v.iiiali..ii  ii,-,  m  \\v  -l.apr  .,1  tli.'  slots,  tla-  wiiltli 
ot  the  air  gap.  and  the  ilHails  of  the  y..k.  >.  ihf  wliuU'  lii.  uit  pr-.vidid 
tor  till'  tlux  in  any  given  jxisition  is  vi-ry  compact,  and  tlic  gr.  at.  -t  part 
of  the  niagn.  fi.-  n  lu.  tan.-.-  is  in  the  aii--ap.  th.'  thickness  (or.  rather,  the 
thinness)  ol  the  ti.  tli  lu-in^'  next  in  imp..itance. 

The  Stator.—\\\  ir^,i;,l  t..  :-!at.iis  t\v..  .hft'erent  forms  of  slots  are  in 
OJinnum  use— tia:iRly,  the  siraisht-sidcJ  ..p.  n  uhi.  ii  111  ih.  .  aiix-  day-, 
was  perhaps  mure  g.-n.'rally  adt.pted  by  i:n^h>ii  ,in.l  .\n'.>  ;  iL.ui  .l.  -i.-aers, 
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and  the  ncarlv  or  complott  lv  >  l(i<if<l  slot  or  tunnel,  which  was  more  rharac- 
teristic  of  Coiitinfiit.il  jn.uticr. 

An  example  is  i;iviii  m  Fi^;.  701.  wIik  li  is  an  end  view  i)artly  in  -e.  tion 
of  a  5  n.H.p.  induction  motor  with  the  slots  and  trttii  ot  tin'  stator 
haviiiu  strai;.;lit  si.lrs.  I'lirtii- r  drt  iil-  tlif  ni.ii;ii(tie  circuit  of  this 
ni u  liine.  especially  111  r<',t;,ird  to  the  d.  ptli  d  the  laminated  cores  of  both 
stator  and  rotor,  are  given  in  Fig.  70J,  which  is  a  side  view,  also  half  in 
section.  The  stator 
is  12  inches  in  in- 
ternal diann  trr.and 
has  54  sluts,  each 
0-344  'f*"^  wide  and 
I  inch  dci'p.  Thr 
tcftli  .iiT  ahiio-t 
!  xartiy  iif  the  same 
width  as  the  slots. 
The  air-^apbetween 
stator  and  mtur  i- 
only  ,)i  -:5  niils,  or 
^,'7  inch  wide,  and 
att'^nli'in  iiia\-  be 
called  to  the  l;'  U'  lai 
<lesit;n  and  thr 
method  by  which 
the  bearings  are 
supported  by  the 
<'nd  brackets. 

Turnine;  now  to 
the  iithiT  t\p'-  Ml 
-tator    ci'ie.  with 

nearly  closed  slots,        fjg,  J03.— Unwuuml  .Slat^r  of  an  IiiJiKtion  Motor  wuh  SlnM  nr.-irly  lIo-sJ. 

Fi.g.  703  represents 

the  housing  and  the  unwound  core  of  an  induction  motor  in  which  the 
~pace  allowed  for  the  windings  i-  nlativcly  much  girai' 1  ihaii  that 
occupied  by  the  dividing  teeth,  but  the  l.itter  are  expanded  ,it  their  outer 
ends  so  as  to  close  up  almost  completely  the  slot,  which  is  approximately 
square.  The  otlur  j.arts  ..1  tlir  vnrr,  tliou-h  differing  in  details,  are 
magnetically  the  >anie  as  m  the  prricling  casr^. 

Another  example  of  a  modern  indm  tion  motor  in  which  the  slots  of  the 
stator  are  nearly  ( k)sed  i-  i;i\\  n  in  1  ii;-.  7' 4  and  705,  wiii<  h  re])re-.ent  a 
longitudinal  cross-M'(  tion  (Ml;.  7"4)  and  an  end  view  I'  lrtly  in  -ei  tion 
(Fig.  705)  of  a  standard  type  of  imhictMii  iimior  built  bv  tlie  l!rn-h  Idn  - 
trical  Engineering  Conu>any.  The  -h  ipc  "t  the  slots  in  lu.th  the  st.itor  and  tin; 
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rotor  will  be  seen  at  a  a  in  Fig.  705,  and  the  detail-  ..t  tlic  as-t  inhlini;  and 
hxirii,'  of  the  st.itnr  >tamiiini<-,  as  well  a^  tlieir  shape,  will  be  readily  made 
out.    One  central  ventilating  duet 


stator  and  rotoi.  The  machines 
teen  sizes,  with  outputs  ranging 
B.H.P.,  according  to  the  speed  and 


is  shown  in  both 
are  made  in  fnur- 
froni  J  to  Jdo 
to  the  periodicity 

of  the  supply  cur- 
n  iit.  Tile  e.xtrenii 
d  i  in  e  n  >  i  ti  11  s  in 
inehe-  of  some  of 
the  i>rin(  ip.il  parts 
of  tlior  >i/es  are 
shown  un  the  draw- 
ings,and  the  wound 
>tat(.)r  of  one  of 
the  Lirgest  size  is 
shown  in  Fig.  706. 
This  stator  is  bar- 
wound  for  heavy 
lii,nl>  at  compara- 
tively low  voltages. 

A  St  ator  in 
wliieh  till'  winiling> 
are  nearly  em  lo-rd 
h\'  the  iron  has 
already  been  illus- 
trated in  the  Bruce 
I'eihles  niacliiiii- 
(Fig.  090).  and  we 
gave,  in  Figs.  693 
and    (ii)-l,  ilinien- 

siolUtl     drtailr-  of 

its  stampings.  In 
Figs.  707  and  7of> 
we  now  givi'  de- 
tails of  the  btatoi 
Stampings    ul  a 
machine  which  was 
vcrv  liilK   .Ir-.  ribed  in  the  last  idiiiou. 
and  w  hich  is  n  presentative  of  tin    t\  j/e 
in  which  the  windings  are  completely  en- 
—  1  1>\  tile  iron,  tli.it  is.  in  wliich  the 
bivxuiic  LuiHii.i3.    i'l;;.  7^'7 


r-ErAir.<;  of  Statok  C'ff.^v 


whole  of  a  «in;;le  stanipini;.  wiiil-t  Fi;,' 
slots  and  notches.  The  inner  di.inn  ii  i 
which  was  to  be  bored 
t)ut  accurately  to  13 
inches  in  the  finished 
in.u  liiiic  ;  the  oiiti  r  cli.i- 
uu'ter  was  jo^  inelus. 
with  six  semicircular 
noti-hc-;,  (■a(  h  ,\  u 
radius,  hy  wliii  li  the 
sfanijiini,'  was  to  hr 
keyed  to  tile  llousinj,'. 
There  were  72  slots, 
e.ich  ,v  by  1. 1  iiic  In  s. 
with  a  ,',;-inth  iliiek 
ness  of  iron  between 
the  inner  eni!  of  tiie 
slot  and  ill'-  airnap. 
riie  plati  s  wnc  i  ;  mils 
(odij  inch)  thick, 
papered  on  one  side 
only.  tli<'  end  plates, 
however,  being  ()^-5 
mils  (,'„  inch)  thick. 
The  plates  were  built  ii[ 


ol 


i"^  on  a  i.in,'er  si  .ile  slmws  the 
the  -.t.inipini;  was  12I  inches, 


to  a  thickness  of 


Fig.  707.— Stator  .suiiipins  for  a  25  11.H.P.  Motor. 


M.ir.lr  -.TO    i,..M.  I'l 

i  P  .lyv»ii.-i*«.-  IntlU'-ti'Xl  .M  il  - 


82  inehes.  ine,i-,iired  j)arallel  to 
the  axis  ot  the  machine. 

.\s  sliowin?;  some  of  the 
differences  involved  in  alter- 
ini^  the  size  of  a  machine. 
I'ii;.  -I'U  K^i  -  the  d'  tails  ol 
a  stator  >tanipinf;  for  .i 
machine  similar  to  the  above, 
hut  with  an  output  ol  5 
H.ii.r.  in^te.id  ot  _'S  li.ii.r. 
The  rt'duction  in  the  diiter- 
ent  ilimensions  should  be 
carefully  noted.  The  sizes  of 
tlu"  slots  have  perhaps  hi  in 
altered  the  least,  the  chaufje 
IxinK  from  i.J  inches  by 
iiu  h  to  1}  iiu  lies  hv  ij  iiieh, 
which  is  n()t  great.  Their 
number,  however,  has  been 
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reduced  from  72  tn  48;  hut  evi-ii  tluii  the  .inii'iiiit  of  cross-«t'  ti<'ii.il 
space  CMTupitil  h\  flie  luppir  is  niucli  finatir  relatively  to  thr  output 
than  in  tlic  larf;<r  m;uhiTie.  The  axial  length  ot  the  laminated  core 
is  reduced  from       inches  to  4I  inclus,  or  almost  exactly  to  one-half 


that  (if  thr  1,11-.  r  iiiadiinv.  TIu-  i-nlar!,'ed  detail  at  tlu'  side  of  Fis,'.  70O 
show-  till  wiiidiim-  in  otif  ot  till'  fuimcis  for  a  liiir  pn>-uri  nt  jjm  \kA\-. 

The  R'  t.ir.—\n  i\w  rotor  part  of  the  polyphase  iiuliution  motor  it  is 
much  mori'  usual  to  have  the  slots  partially  or  wholly  closed  than  it  is  in 
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the  stator  element.  Referrins:  to  ddails  already  illustrated,  we  find  in 
the  drawing' of  thr  linuc  IVvhlcs  motor  (I'latr  Xll.)  tiiat  roti>r  >-lofs 
arc  ne.irlv  closed.  Ilic  details  and  diimii>iolis  of  the  stainpiiiUs  of  the 
tunnelled  rotor,  corrt sponding  to  the  statur,  the  stamping  of  which  is  given 
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in  I'iy.  7U7.  arc-  ^,V('^  111  7I"  -"i''  7il-  T'" 

•Jtaraping.  wlucli  \va>  iu>l  i.iiru'l  hv  ,1  >i>i.1.t.  .ililu.u-li  it  li.i-  .1  .liaiiKt.r 
of  15  iiK-lu-s.  but  was  ki-yed  dim  tly  t>.  tlu-  >li.iit,  vnitiLitiiiL;  li^!.^  1 1  inches 
wi.l.  1>.  ill-;  -t.iiniHMl  i.iit  at  alxnit  \  incii  (ri)ni  the  <hMt.  Tin' dimensions 
1)1  till'  arc  i;i\vii  on  a  laii^ir  xalo  in  Fii;.  711;  tlifv  wero  rqn.il  in 

radial  longtli  (lA  im  li' -)  f"  ilu'  >l"t-  d  tli.  ^tatm  (I'n;.  7<7).  I'ut  \\<r.-  a 
sliadr  narrower,  and  only  34  in  nnnilxr  a>  n)mi>aitd  witli  J2  on  tlu  >tator. 
TliKf  fiijnrcs  and  dimensions  should  Ik;  comparod  with  Fig.  71J.  which 
^  thr  .Irt.iiU  «\  tiie  rotor  stamping  ol  llie  5  n.it.l-.  motor  built  by 
till    >anie  luiii.  the 
;.tator  >tanipiii;^  "I 
w  hii  li  w  a-,  drpirted 
ill  Tie  71"!.    In  tills 
rotor  tlir  ili~i>  w  n- 
31   niil^  ( inili) 
in    tliiikness.  and 

thr     --IM.i-     tiT  til. 

e  ii'iitr  windiiif,'  hi 
bars  was  proviiUil 
bv  a  siries  of  eir- 
( nlar  lioKs.  in 
iiuinhi  r  and  )  ;7 
niil>  (,,,  mclie>)  111 
d  i  a  m  e  f  e r.  The 
s  I  a  in  p  ill:;,  w  1  I  (■ 
.li'WI.  to  the 
11"  ujHliiliL;-- 
being  priivided  lor 
Ventilation  in  these 
small  in  1 1  liir  :^. 

The  plate>  111  the  larger  rotor  (I'iu'.  7I1  )  w.  re  also  jl  mils  111  tliu  Knxs, 
and  it  is  worth  noting  that  in  both  i  ases  the  stampings  were  more  than 
li.iiil'l  tin  tl'i.  kii.-.,  (i;.  mil-)  ot  tlu'  corn^ponding  stator  stampings. 
The  re.i-'.ii  I-  -l.\i(.ii-  wh.  n  the  ,l;i m  i;il  tlnory  of  the  rotatiiig  held  motor 
(pa,^<>  ■  as.  \'ol.  1.)  1--  mallrd  -iiirr  i  .ldy  iiiiiuit-  in  the  rotor  an 
not  -o  harmlul  as  in  tlu'  stator,  and  ma\ .  iiidenl.  add  >ometliing  to  tin 
meehanii  al  effeet.  As  in  the  stator,  iKith  sets  of  st.mipings  arc  screwed  up 
with  end  plalis  I'J.T  iiiiN  thiik. 

Atii'litioii  may  in  directed  her',  to  the  \ery  naiMow  air  t  ip  allowed 
in  these  motors.  In  the  smaller  size,  5  u.ii.i'..  the  liiii>lud  iiiUnial 
di.niirt.r  ol  thr  ■-titor  was  7,;  inches,  whilst  the  tinished  external 
diameter  ol  tin  mtor  was  7',,;  inelies ;  the  air-gap  therefore  could  only 
be       inch,  or  lO  mils,  wide,  a  condition  which,  as  the  uiolor  hud 
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to  run  at  1,500  R.r.M..  n<To?*itati(l  extn  nu-ly  ar.  iiiafo  workmanship  and 
practically  madr  no  allowanco  for  the  wearing  of  the  hearings.  To  n  iluce 
the  latter  to  a  minimiim  the  bearings  were  made  of  solid  phosphor  bronze, 
unlin.,1  with  anv  ^.Itrr  material.  ^liaft  was  made  of  the  best  steel 

it  was  claimed  tiiat  the  aetua!  wear  with  etticient  lubrication  was  prac- 
tically nil.    In  the  larger,  or  25  b.h.p.,  size  the  gap,  though  not  quite  so 


I-i.:.  711—  I'ft.iiU  ''f  >iv  t-*  ill  R.itor  Stamping. 

narrow,  was  only  20  mils,  or  0-020  inch,  a  clearance  which,  to  ensure 
f;.!,,,!  lunnuiL:  at  i.udo  K.i'.M..  n< .-.■•^sitaf  1  .  the  same  high-class  workman- 
ship .uid  tnii-h  as  in  the  preceding;  cise. 

Althout,'h  the  core  plates  in  the  eases  .ilmve  referred  to  are  k' yed 
dirr.tlv  to  tin  sliatt.  this  is  far  from  being  the  usual  practice,  for  many 
in.iiiulac  tint  1-  ]>reler  to  build  them  on  driving  spiders  in  the  manner  so 

lre<inentlv  followed  with  continu- 
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y\fil  'itDrt 


>0 


Thietineti  '/i! 


Fig.  71a.— R  'tur  Slainpini;  fur  i 


 ^^ 

5-l;.H.l'.  InilH'. fion  Motor. 


ous-current  armatures.  Examples 
of  cores  so  built  have  already 
been  i^iveii  in  Figs.  503,  595, 
and  51)0  in  \'ol.  I.,  and  such 
examples  could  be  niultij)lied 
almost  indetinitcly.  Thus  the 
rotor  core  plates  of  the  motor  in 
Fit;.  701  .ni'  keyed  to  a  five- 
armed  spuler,  and  a  driving 
ipider  is  also  used  in  the  Bruce  Peebles  induction  motor  (Fig.  ()(,8).  The 
gn  at  a.lvanta-e  ..t  the  -pider  driving;  is  the  bi  tter  ventilation  which  con- 
duces to  cool  rumiiii'4.  and  this  may  be  still  further  improved  by  fixing  in- 
wardly projecting  blades  to  the  spider,  as  in  the  Bruce  Peebles  rotw  of 
Fii:  lioJ^.  when>  three  sm  li  fanning  blades  will  be  noticed. 

Stator  Winding-.  Hie  principle  involved  in  the  winding  of  the  stators 
and  rotors  can  be  best  Inllowed  by  eonsidering  some  actual  examples. 

First,  in  rc»:ard  to  the  method  of  winding  the  stator  apart  from  the 
actual  connections,  the  open  form  of  slot  referred  to  at  page  699,  '»nd 
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illustratod  in  Fij?s.  701  and  702,  h.T<  the  ijrcat  advantaRO  that  it  allows 

"  fnrini  r  "  WDtiiiJ  roiU  to  \>r  nunc  rculily  ii-'d  tli,iii  tlir  [i.trtnlls-  <!(isi.l 
fc.iii  -hiiwu  in  1  I::-.  70.;  a-ul  71)5  .mil  iIm'wIutc.  lln'  tuiiinl,  <t  tlu-  vrry 
nearly  i  Idm  .I,  furni  of  slot.  rf<]uires  that  tht-  wires  or  hmIs  shall  be  threaded 
in  from  the  ends. 


The  difference  between  the  two  methods  of  wim' 


•11 


■I ;  .\U'\  714,  wliii  li 
7IJ  sliows  th 


liuwii  111 

lie  t.lkrii    lioiii    m.u  liill'^   ot    im'Si'   dilli  ient 

st.itor.  the  rotor,  .irid  oik-  of  the  end  Iraines 
of  Mtssrs    Mather  and  Piatt's 

P  <j<)  iiiilu. Hum  motor.  .ue 
concerned  .n  the  moment  only 
Willi  the  -.t.itoi  ;  the  other  parts 
will  be  relerred  10  latci  {see  page 
70.S).  The  stator  stampings  are 
Mipi'urte.l  ,1^  u-n.il  in  ,1  li-id 
cabt-iiun   liou>in>;.  tlusc  stamp 


Fi^.  ;i  1.— .St.Uur,  K  i(  ir  a'l 


•  K-'-l|-:«e  'f  ^t.!h<r  »n«  p-i-t  P  vi  p..lv|.'u.«  Moi,r. 

in-s  hein,:,'  open  slotted  to  lei  eivf  the  windings.  Tlu'  oils  ot  tlie  latter  are 
former-wound  (mv  paH:e  74.  Section  I.),  and  are  finished  to  till  the  slots 

with  a  minimum  of  pressure.    The  end  conneetinn-,  will  I  Ini,.ii^  tmni 

previous  descriptions  of  the  windinjjs  ot  loriiie:-w<.iinil  .iltern.it. .r  aim.iiur.  s. 
Ill" 'Oils  aivdiied  eie,;tri<  all\-  I),  lore  a~>emhi'm,'.  and  alteiwanU  the  whole 
i>  dried  in  a  v.u  iuim  to  en-ure  iieedom  from  moisture.  The  ends  of  the 
windings  are  brouijht  to  terminals  on  the  outside  of  the  housinir. 

The  other  nietho,!  nf  wmdin-  li.i-  ahr.e!\-  1.,  ,  n  i:hi~trate<l  in  I'll,',  jof), 
wliiih  >.ho\v>  the  >tator  uf  a  motor  limit  i;y  the  i{ni>li  Elcctrieal 
Engineering;  Comp.^ny.  and  in  whii  li  it  will  be  noted  that  the  end 
ronneetors  are  very  similar  to  the  .  nd  .  Mniieet;.: ,  t\,.  ■•|v:-  r  l  "  or 
"cylindrical"  type  of  armature  winding  for  a  contmuoiis-curreiit  m.uliine. 
97 
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Fig.  ;i4.— Siiutll  Slalor,  Bnuh  Elecuical 
Kniiincenn^  Company- 


Another  form  f.f  on.l  d.mmfors  nmrf  iimmIIv  .uli'iitdl  for  the  wimlinRs  of 
a  three-phase  stator  is  >hi>vvii  in  l-i^.  714,  wlm  li  illustrates  a  smaller  stator 
tA  the  same  standard  series  built  by  the  same  firm. 

The  S(  heme  of  the  winding  in 
.iiiv  line  of  the  above  cases  follows 
thi'  rules  alri  aily  i  \])laini  <l  (\iV  FifiS. 
3N2  to  5.S(»,  \oI.  I.)  for  winding 
mat^nefs  to  prodiire  a  rotatini;  field 
with  piiK  pli.i-c  iiiiiiiits.  One  ex- 
ample  only   mill    he   tjiven  here. 

715  >lio\\>  iliaL;ranimatically  the 
uiiidini,'  sehemc  for  the  stator  of 
the  J5-H.H.I'.  motor,  st,ini])inL;s  for 
which  li.i\'-  1,11  n  f,'i\rn  in  717 
and  711.  It  is  to  be  supplied  with 
diphase  currents,  which  will  give  a 
six-pole  rotatini,'  field.  The  wind- 
int;-'  eon>ist  ol  twelve  si  ts  of  coils, 
each  occupyint;  six  of  the  seventy-t\\'>  slots,  and  connected  in  two 
distinct  cirenits  for  the  two  jihases.  With  a  periodicity  of  50  »u  the 
synchronous  speed  of  rotation  of  the  field,  according  to  the  rule  given  on 
page  (191,  would  be 

()0  X  So 

-  =  I.OIX)  R.P.M. 

^ 

Owini^  to  the  ^liji  tlw  artn.d  -]iced 
ol  iiitationol  the  rotor  will  he  lioni 

(1. 


511  to  70  K.i'.M.  less.  II  rii|nin 
the  twelve  coils  coiiKl  be  eonneete<l 
on  three  ciroiits,  which,  when  siii>- 
jilirdwitli  tiijilm^i'  eurrciits.  would 
give  an  ei,;,'ht-pole  rotating  field. 
In  desipninf;  the  winding;  of  a 
stator  if  is  a  di-tinct  ailvantaL;r 
to  li.ive  the  mniiher  ol  the 
aiiil  of  thr  -lot-  twelve,  or  some 
multiple  of  tw  t  lve ;  for  then,  by 
only  ehangiiif,'  the  connections,  it 
can  he  adapted  loi  l  ither  di-  or 
triphase,  or  even  monophase,  cur- 
rents, the  speed  of  rotation  of  the 
field.  liowe\er,  being  difierent  in  the  two  polyphase  cases  for  the  same 
periodicity. 

RotOP  Wiltdingr.— As  explained  in  Vol.  I.  (pages  618  to  620),  the 


Fig.  715.— Wi:ic!ing5  of  Six.  jole  Slator  for  Dipliasa 
Cunenu. 
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rotor*  of  imhu  tion  niutors  fall  into  two  <  hii  1  1  lav^cs.  namrly.  (./)  the 

^i|tiirri'I-ca;;«' '■  ruti'r-.  in  wliii  ii  ~\u-\v  i  Mn.lin  -  \,  u  li-htK-  ii.^ul.iti  ,1, 
arr  I'larr,!  in  tli.'  -lot-  aii.l  llirir  ,  n<U  1  oim.  ,  t.  .1  .  Hii.  i  j.v  lu,.  ininiiiai 
liim-  HI  .>t!i,  r\vi-r  iml  ('  )  \\\<-  "  w.mn.l"  rotors,  in  wliirh  thi-  londurtors 
aif  \\<>nn<l  on  tli<'  mtor  aii  or.lin^'  to  some  sysfcmatir  plan,  and  tin-  windings 
either  p<Tman.'nfly  short-nrniit.'d  or  hroimht  out  to  sli|)  rin«s,  hv  nu'.ins 
of  which  resistant;.',  .Mp.i,  itv,  "i  indii.  i.m. .i>  wax  iv  iri|iiii.-!.  in.iv 
introihicfd  into  thi'  (  ir.  ww-.  ..i  ih.  rotor  may  !>.■  runm  .  ti  d  to  aiicitiu  r  lotur. 
or  may  hi-  oiliciwl^r  di.ilt  uitli. 

Si/iiirni-cii^i'  Kn/on.—Thv  s(Hiirr<'l-'-ai,'.'  iMt,,r  calls  for  vcrv  litdn  lurtli.  r 
(IcMnpti.in.  One  stamhird  tyjH'  for  lar;;.-  machines  has  \h.u  .ilu.idv 
dcscnlnd  {six  I'i^.  O97)  in  the  account  of  the  Bruce  Peebles  motors. 


I'ii.  7i6.-S,|uirrc!.c»ge  Rotor  of  M»lher  anil  Plan  4-9-t>.n.T.  Vtitiral  Mot.-.r, 

An  carlv  and,c;.iod  form  ni  \hU  t\p.'  Ii.is  d>.i  bmi  illiNtrat.'  1  in  I'i;;.  y)2. 
and  (U  ~,  ril).  ,l  .it  jia-c  i,i<,  ..1  \  I.  A  nion-  modem  patti  rn  is  >liown 
in  Fi.i;,  710,  whirh  is  a  pliotof,'raph  of  th<'  squirrel-cai,'.'  rotor  of  a  4(  o 
B.H.P.  induction  motor  manutai  tiiK  d  bv  Mi  ~<r-.  M.itli.  r  an  !  I'l.itt.  1  he 
ends  of  the  heavy  copjhT  bars  whirh  aic  tiic  > oiidurtors  will  br  -  .  n  jiro- 
fru.lin;,'  horn  tlir  two  nids  ot  thr  -lots.  whi.  h  ,irc  very  nearly  .  l>-vA.  The 
shorl-circuitiiii;  copper  rmgs  are  of  much  smaller  diamet.  r  th.ui  ih-  main 
body  of  the  rotor,  and  are  carried  by  tli.>  spider  which  -ui.pnit.  th,  .  ,,re 
plates  or  stanipin-s.  To  tlie-e  rin^-,  one  at  e.i,  li  rnd.  the  end-  ,  1  the  eopprr 
eoiiduetors  are  (omi.rted  by  ^peeial  connectors  ol  strip  metal  so  shaped 
as  t.)  act  as  fan  blades,  which  when  the  rotor  is  rotatini,'  drive  air  into  the 
central  spaces,  whence  it  escapes  throu;;h  the  v.mil.itin-  ducts;  e^f  the<e 
it  will  be  noticed,  there  are  as  many  as  io,:r.  which  are  not  e.xccssive 
lor  a  motor  liavmi,'  so  lary.;  an  output.  The  s.  >  tions  of  these  connectors 
can  be  alleied  to  meet  the  retpiirements  ot  the  motor  load.  It  is  int. n  -tin" 
to  note  that  this  motor  is  designed  to  run  with  its  shaft  vertical.    V  ith  a 
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ELr.cTKirny  /.v  thf.  Sexr/cs  J/.i.v 


'Jf.  7>7»~Sgiiirrel-cage  Kjtjrof  the  liru^Ii  KlfilrKul  bniiiia-CTi': 
Company, 


suitable  auto-<ransfi>rnnT  startor  (mv  7-^1.  it  will  start  with  about 

5(1  |)ti  (  i  ti;  of  full-Iuad  turqui'  with  a  lino  current  of  about  twice  the  full- 

lu.tll  t  IIIH'llt 

A  imirli  ^inalU-r  ri>tor  of  thi'  sanif  typi'  is  sh<<wii  in  -rj.  In  this 
rotor  till'  I  on-  ]il;itts  art'  kfyoii  thifitly  on  to  thi  sliaft.  thiii'  1^  one  wntilatinj; 
duct,  and  sjKLial  fan  l)lMi!rs  |.idi.  .t  a\i,ill\-  at   iiitfrvals  of  alx)Ut  every 

iiv.  iiai-.  I  lir  Inl)ii(  atiii;; 
aiiaiiKenurits  are  shown  in 
the  tiiiure  ;  tliese  are  very 
mil"  '1  tani  \\  In  n  a  motor  is 
i(<|un(i|  to  iim  lor  |oii!^ 
l"iio.K  witliotit  att'iition. 
Kuig  iubrii  atioi.  is  u>iil.  and 
an  ainph<  oil-well  is  i^rovided 
in  tlie  hub  of  tlir  1  ii.i  trame, 
which  is  of  the  "  ojn  n  j>ro- 
tect<  tl  "  tyiH-. 

OtluT  >t.mi|,iril  txpi's 
wiiii  li  will  ^nitii  e  to  e.\hil)it 
tile  varii  tv  of  detail  in  thv  'li-iyn^  ot  .iilferent  lirni-.  are  ^ilo^^n  in  I'iys.  717 
to  7i(>.  I'ii;.  717  ri  |ireseiits  the  rutor  of  the  smaller  sizf>  of  s(iuirrel-cat;e 
motors  C()n-.tni(  te(!  by  the  Brush  Kleetrieaf  KnKiiiefrini;  <  (imi)anv.  Tlie 
>li>I~  ari'  li,ilt-i  lo-i  ij  an^l  the  ?>tam|Mii;,  .  ,ir.  1  lampr.!  ■H  tw.Tii  end  piatc-i 
nioiintcil  ^iir(Mtl\-  '  M  llh  -hatt  :  tiuu  arr  no  \intilatHm  lUuts  bttween  the 
core  plate>,  Imt  ti,,  whoif  ( on  i-  iiii  reed  with  hirge  hoUs  for  ventilating 
purpoM'.-.  Till'  wiiidiiif,'  ( on~i-{i-  of 
idpper    ]<Ar>    Ii^;litl\-   in-ul.itcil  from 

tin    (  '    -    .mil    li\rti   i   ,111(1   -(rl.l(  rr(l  to 

siiori-i  in  uiting  ruit;>  ik-.uiy  >lio\\n  in 
the  figure. 

Till'  -t  iiKliril  !■(  ,ll:c  rotor  of 

till'  l.amasjiin'  Dynamo  and  .Motor 
Company  is  shown  in  Vv^.  718.  The 
stampin.ns  are  kt  ved  t>et\vi  eii  i  nd 
plates  to  a  spider  witiiotit  the  ii-(  ot 
licit-,  aii(l  \entll,itin;;  du'l-  ,11.  I,  !t 
as  shown.  The  copper  i  oiuiiu  tor.i  .ui' ot  l  ireiihir  section,  placed  in  jiartially 
rlospfl  slots  and  insulated.  The  >liort-('ircuitin£;  end  rings  consist  of  a 
mimher  of  toothed  .inmiKir  di- -  -t  imp'd  ('iit  o|  >lieet  (o]>]icr.  They  can 
be  M'eii  in  the  tii^iiie  Ik  Iow  the  pr..).^  tm;,'  rod-.  1  he  disc  teeth  form  the 
connectors  between  the  eondnctors  and  the  ring's  and  ensure  that  the  ji'int 
between  ea<  h  rotor  bar  and  tli(  riay-  -IlcII  c,in\-  only  the  current  in  that 
bar,  the  main  rotor  cum  nt  heiiii;  ( .irried  by  the  underlying  rings.    It  is 


—  >  iLiirre;  ,  .i^e  Rjtiir  of  the  Lancishire 

!(yi;;inio         .M,i!.>r  C,Hii].,iiiy, 


il.iiiiud  that  it  is  pra<  tit  iilly  im|><i««ihlf  fur  tin-  joint's  t"  hc.it  up  and  fnr 

tin-  nii(;>  ti>  \M.rk  liMiM',  wliiKt  tluir  \.\tk<   Im^  -lut.i  .  Im.i,-  ihr  im^', 

tlici)ivl\(«  t(M.l.  Till-  rotiir  n-siMai;! f,  ,in.|  with  it  tli.  -t.iitniK  tnniuf, 
111. i\  l»  iiK  r.  M-iil  at  any  tinio  by  tla-  nm.iv.il  of  one  or  raoro  of  the  short- 
tin  iiitinK  riiiK'. 

La>tly.  in  Ha- 
710  i>  .1 
st.inil.ir^l  »i|Minil- 
<  acf  r"l>.r  ,i>  c  ,.t\. 
struitfd  for  lar^f 
maihiius  Jiv  thi- 
l!iiti-li  III. 'Ill-Mil- 
Hi)U>ti>n  <  "111- 
pany.  The  sl<>t< 
are  tif  the  ^1  mi- 
en(  li>-c,l  tvpr,  .111, I  till'  .  .111. 111.  I. li- 
ar.- 1.11.1  ill  till-  >lots.  ami  .n.' 
in;;   riiij.;>:  t)u>f  an-  in  niultii>K 


'I  -tr.ii^lit 

(.l-tillcl  to 


.  ..jilxr  liars  whic  h 
till'  «liort-i!rcuit- 

.inil'lf  ventilating 


I  ..ii^j^t 
.  iirrlv 

 , .-   an>l  pri.vidr.l  with   ,  „  .,,,.,,„,, 

sjiacrs  throni^'h  which  rooliny  air  is  ilrivi'n  by  th.-  hi,L;s.  ihi'M'  hi^'>  .  an 
be  M.  11  ill  th.-  ti-ur.  .11.]  a.  t  a-  f.ins,  ilrivinn  the  air  not  only  Mwecn 
th<-  riiiu-.  but  ,ib.)  thr..ii!;h  tin-  luro. 

II  .  <.  /  A'.  .',.rv._-l'nlcss  thf  startinc;  vohntio  h«-  -pi-,  ially  n-ibii-rd  or 
soni.-  other  .l.-vi...  .-mi.l. .\ .-.1.  th.-  -|iiirivl  .  .u,-  i,,t,,r  .■.iiiuot  be  iim.I  for 
lart,'!'  ni.i.hini-i  bi-iaii~i-  ,.|  tli.-  l.uu;.-  -tail in:;  .iiinnt  r.-ijuir.-.l.  osjnvially 
it  it  Ii.  c|,-ii,  ,l  t,,  ^t.iit  iiiiil.-r  loa.l,  and  b.-iausi-  of  the  (listnrbinK  offirt 
«)f  thi>  .iirrtiit  .m  the  v. ilta-e  regulation  ol  tin-  system.  Chi.  tlv  to  obtain 
a  Rootb  startin;;  torqne.  therefore,  without  .Irawini,'  an  ex.  r-siv.-  mrrent 
fr.. Ill  tin-  liii,-.  It  nni-t  In-  p,.-.il.l.-  to  inti . .. In. .-  ii  -i-ian.  .-  into  th.'  rotor 
circuit>.  ami  i.n  this  jmrjiose  the  latter  are  woun.l  aeionlinn  to  some  .Ictinite 
plan,  and  the  ends  brought  to  slip  rinys  by  wliieh  the  nocessary 
eoiiim  ti.iiis  maybe  ma.l.-.  S.-vci.il  .-.  .mpl.te  r.,;i.is  oj  this  typf^ 
hav,-  alr.  a.lv  be.  n  d.  pi.  t- ,1  -  e,-.  in  I-"i-s.  5.,5  and  5,,(,  (Vol.  I.) 
an.l  i..,s.  ,111. 1  it  may  then-tore  sutt'ue  to  describe  in  detail 

the  windhiy  scliemo  of  a  particular  mtor.  For  this  purpos.-  wo 
select  the  rotor  of  th.-  js-n.ir.p.  motor  n  f.  rn  d  t.>  in  bius.  710 
.in.l  711. 

In  tliis  rotor  there  were  lour  condu.  tors  jkt  slot,  arrant;cd  as 
in  Fig.  7J0.    The  conductors  were  of  copper  o-f>  inch  lont;  and 
o  il  in.il  tlii.  k  .  ..v.-r,  .!  with  li-lif  iii-  ;;,it  i..n.       tint  th.-  linal 
,  »  ,.  „   'linu-n-ions  w.  1,-  .,-(,15  by.i'i.'.,.    It  wili  b.  umemlH-r.-.l  that  the 
^'w'".  'i  inches  loni;  ant!  (yT,jf,  wide;  th^^ro  was, 

ii"''Tmm!:l  I'li-'iity  of  rotjni  tor  th.  -.  . . .n.ln.  t. .is.    In  tin-  l-.ll.iwing 

<5K(«"'r  diagrams  T  St . .:ds  for  a  toj)  coiidiKtor  and  u  tor  a  b<jttoni  one. 
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whilst  a  siiml.'  .la'li  inili'  atc*  i\w  ( nii.liti  litr  un  tlio  i  jL;lit.  ami  f«'>  il.i-lios 
a  rondiKtor  tm  tlu-  lilt,  as  ^ll(lwn  lur  N'o.  I  slot  in  l-i^'.  7-".  llu" 
wimlinR  is  a  thn-c-pli  i*"  "  «tar  wiinlint'.  and  tho  koy  !»l an  of  Wv  wimlini;  it 
friviii  in  I've  7-'i.  wlii'ii  --Icw^  tin-  imii.'  imi|m)i  l.iiit  ut  tin'  i  mini .  tmiis 
tin  ill''  llini  <  IK  nil-,  wlih  li  .111  .1.  noli  •!  (  ;)  .i  .  niiiisiiiuii-  |mr.  ('.)  a  ilnfttil 
liiK  .111(1  (.  )  a  chain-tlotti'il  Inn  i. -pci  ti\i  l\ .  I  ln  nit\  -i<iur  »l(its  aro  in- 
tlitatiil  hy  d<:ts,  and  are  nunUnu.l  i  miiicutivt  ly  Irnm  i  to  54  in  a  <c»unttT- 
clinkwisf  direction.  The  ronini  tions  shown  in  this  di.tcr.ini  arc  first,  tht; 
coniiMtioiiv  .,t  till  jiiiiiti"!!  i"'iiit.  v.liiili  is  ri'pri'vfiiii  ,|  |i\  tin  iiu  li  j  j. 
ami  to  wliiv  li  the  top  right -li.iiul  riiii.hu  lur^  in  ^lol^  V\.  .iinl  :>  an- 
cunnected ;  secondly,  i\w  contuctions  to  the  tlir«  c  >li|)  riiif.'*.  whi<  h  .ic.nn 
.  arc  111, nil  to  tin-  tuji  1  it^lit-li.iiid 

■  »  \  '  «» 


i  c.,,..,i.  h 

I  1  -[M  1  I  |\  . 


•  'ft  .  I.  7  .1!!.!  ;i 
Iv  ;  an.!  la-tly.  the- 
II \i  r.-iii:4  (  omui  tioii>  in  tin* 
middle  of  i  .iiij  wiiHlim;.  wliii  h 


st'i?  f  will  111  niiitr  ili'.ulv  until  r»ti"id 


^  MA 


Fii  7JI.— Ki-y 


■  •     •  • 

~-  _  ..'n't 

I  of  h  t  r.p!,.,  f  \V 


f  R  nr. 


|)V  1 1  li'lt'lli  (■  til  tin.'  i|iA  1  lulled 
wiliiliii!,'  for  p!;  c.^  wlii.  Ii  is 
Kiveii  ill  ;_>_'.  tin  jiliase 

ill  lit  with  h<  ill!,'  that  >lin\vti 
h\  .1  I  I'litiiiuini.-  ii'ie  ill  I-Il;. 

Ill  this  diagram  the  >lot» 
are  niimlxTod  i  to  54  from 
liLilit  In  lilt,  the  ii)trr\  1  niiii^ 

teitil   luill;,'   illilicati  l    liy  See- 

tion  lines.  As  then'  are  four 
coiuhutors  in  eaeli  ^lut  the 
diayr.iin  of  the  fei  fli  is  n  peateil  to  avoid  eoiifii-ion  ;  tho  top  ji  irt  of 
the  (li.ur.iiii.  tln  ieliire.  ii  In-;  In  uiie  li.ilt  ul  llie  imnliii  lui-  Im  liii-  pli.i>e. 
and  tin  liuiiiiin  part  to  tin'  ntlier  hah.  the  slots  >•  leetiil  Iveiiii;  in  six 
fironps  of  three  each.  tlni>  i;ivinu  the  six  poles  re']uired.  The  connec- 
th'ii--  .lie  ^liiiwu  |i\-  tin  till'  .iinl  ilutti  1  liiir^  al)o\''  .iilil  below  tile  ranm' 
ol  -lot^  ami  teeth  ;  e.icli  ( imiu  i  tiir  i--  hi  nt  nver  in  the  iiiidille.  so  that 
one  h.ili  of  it  passes  ahiive  ami  the  other  half  helow  the  connertors  of  the 
other  phases ;  in  the  li.nure  the  top  iM)rtioii  ui  each  connector  is  shown  by  a 
full  and  the  bottom  portion  by  a  ihittiil  line,  and  the  position  of  the  con- 
ductor ill  the  >liit  is  iiulieatiil  by  the  ends  of  the  connectors  brought  up 
to  it.  and  by  the  letters  tt  and  n  H. 

We  can  now  readily  follow  the  course  of  the  wmdincf  in  the  phase 
dealt  "  ith.  St:irti,-^  i-  t!:'-  f--^  r-u-  at  th'  \--\^\\  J.  \vi:i' !;  iirli^-ato-  the 
common  junction  jiomt  ot  the  three  wiinliiigs.  the  tu>t  conductor  indicated 
is  46' T  {sec  Fig.  721).  and  then  consecutively  37'  b.  28'  T.  19'  B,  10'  T 


HoTOH  W/.vff.V':-! 

•ndl'B.    Asthc  fisiir*'  i-*  tlir  ili'Vrl.ijmifiit  ol  i  i\litiilrr,  -L.t  i,  in  j.r 
from  Irft  to  ncht.  is  (nllowrd  l>y  »l<>t  34,  an  '  the  oiiiiU(.tot:i  sitiulaily 
on,  lor  it  will  Im-  n<iti<i<!  ,» 
that   tlic  u iiiclni^  I-  .1  ^       ■  • 

"  wavi  wiiiiliii^;  "  ;  i'  » 
\s  thiToiorc  fnllowH'il  J>y 
4''"  T.  37"  1'  r.  .iikI 
8<>  on,  until  l>\  iiiL; 
out  the  |il.in  wr  .iiiur 
at  y  B  an<l  tin  \»>iM  / 
on  tho  riyht.  Ihri-  flu 
•.viiiilitii,  ri\«i-i-;.  .i> 
shown  l)y  tlir  kr\  ]>l.in 
(liii.  7Ji),\vlr  rt'a  »!in  la! 
coniurtor  thttt  rinj;  truni 
till  (itluTs  is  shown  join- 
ing; .;"  n  to  n.  I  hi^ 
loniR'ttor  is  i>iK)wn  by 
t  hv  line  />.  whioli  is  com- 
nii'ii  to  till'  top  anil 
lM4ii'in  pait^  iif  I'i;,'.  y^2. 
and  tile  ii  inainiiv^'  hall 
of  the  wiii<liiii4  i-'  iii'U 
f^ivi'ti  in  the  lowii  p.n  1 

ol    this  liu'iilr.  Sl.ltllliL; 

at  12"  li,  it  l(>llo\\> 
fliroiifjh  21"  T,  30"  H. 
;5<("  T,  ^S"  11,  ;'  r.  ami 
so  on,  nniil  it  tinally 
tinirgrs  at  i  1 .  t^i  jia^s 
on  tliroui:;!!  a  to  flu'  slip 
riti^'.  It  will  l)c  notici'd 
that  hy  tile  isul  of 
the  windiiij;  at  /-  b  ihr 
connectors  for  tho  la>t 
li.ilt  iif  till'  wiinliiiL;  tall 
into  the  gaps  h'lt  by  the 
(  iiiicctors  for  the  first 
half. 

It  is  not  neci  ssary  to 

lU  ■•<  riDO    in     lit  l.iii     1  lie 

windings  of  tlie  other 
two    phases,   but  tlic 


■^ing 
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reader  wlin  de^in'^  to  iiiiil^  r~t.in.l  tlidiiaulily  the  pi iiu  ipl(-s  uiiilerlvinp  the 
(li  vjyn  (i|  thi'  above  wiiuliiii!  --houlil  draw  iij)  Irtuii  thi'  diaf^raiiis  a  winding 
table  suitable  fOT  use  bv  the  mechanic  who  has  to  wind  the  rotor  in 
the  worksliup. 

Whilst  the  ab'ivc  cives  a  winilini;  S(  liemi"  fur  the  mtor  uf  a  tJiri  e-jiliasc 
in<hietinn  incitur.  d(  t,iil-  "t  tli<'  end  i  > .iiuei  ti ir-.  >-li]>  riii^s,  ^■\c.,  as  wmked 
out  by  wi'li-knnwn  lirnis  will  be  Idiiiid  in  l  i,i;s.  JJJ  tn  -zi).  l-'ig.  jjj 
illustrates  the  standard  wound  rotor  built  by  the  British  Thomson-Houston 
Cnnijiany  :  the  ^lots  are  of  the  seini-enc  lo-ed  t\  |ie.  and  the  rutnr  i-  wound 
by  hand,  u^ini;  former-wound  coils  lid  tlnoui;li  the  openini;  of  the  slot. 
Before  winding;  tin-  ro\ere.l  wire  is  subji  eteil  to  a  \'.ieuuni  dr\  int;  jiroc  esr 
wliicli  abstrac  ts  all  moi>ture  and  the  wire  surroundinj^s  at  the  end  of  this 
process  are  immediately  saturated  with  an  impregnated  insulating  material 
and  are  afterwards  baked.    The  wound  rotor  is  then  vacuum  dried,  treated 


Fif.  71;.— Compltted  Wound  Rotot  (Without  Slip  Rings)  of  the  Briiiih  Thomson- Houston  Co:i!p.iny. 


with  an  insulating  varnish,  and  baked,  the  jiroress  being  repcate<l  once, 
twice,  or  three  times,  as  may  ajipear  nt'ees-ary,  thus  ])rodu(  in.i,'  exceptional 
dainji-resisting  properties.  Tlie  near  end  of  the  shaft  in  Fig.  723  is  the 
slip-ring  end,  and  is  hollowed  out  to  carr>-  the  insulated  connectors 
passing  between  the  ^lip  rinirs  and  the  windings  of  the  rotor:  these  con- 
nectors can  l)e  seen  i'a>-in^  into  the  shaft  ( i.sr  to  the  spider  and  emerging 
from  the  end  of  the  ^hatt.  It  is,  of  conr-e.  luees-ary,  if  the  slip  rings  are 
to  be  outside  the  bearing,  for  the  shaft  to  be  so  hollowed,  for  the  wires  could 
not  pass  the  bearing  on  the  outside  of  the  shaft.  As  this  end  of  the  sliatt, 
however,  does  not  tr.ui-niit  .inv  power,  there  is  no  nu-cli,ini<  al  objection  to 
weakening  it  in  this  way.  Another  point  to  notice  is  the  very  heavy  serving 
of  binding  wires  by  which  the  end  connectors  are  held  in  their  places ;  no 
binding  wires  are  used  over  the  iron  <  ore,  the  active  win  -  b.  hv^  held  in  their 
places  by  the  overhanging  teeth  and  by  the  usual  wedges.  Tinally,  it 
should  be  noted  that  ample  ventilating  ducts  arc  provided. 

Figs.  724  and  723  show  for  contrast  the  standard  wound  rotors  of 
the  Brush  Electrical  Engineering  Comjiany  for  small  and  large  machines 
respectively.   In  these  cases  the  illustrations  show  the  slip  rings  mounted 
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on  the  n\I(-.  TIi<  lartiir  rot^r,  Vmi.  ;jt  ni.iv  wdl  CDmparo.l  with 
l  if;.  7J4,  .mil  tlio  jHiiiit^  of  n >c'ml>l.iiRi.-  .i>  wi  li  .t>  tlii-f  uf  ililffnnco  n.  i. d. 
In  Fig.  7J5  the  con.hu  tors  .irc  (opptr  b.ir<  and  tho  (U  tiiils  of  .•(.n>tnu  ti.>n 
.lie  .K-i,L:M..l  for  \wa\\  udik,  th.-r  Inn-  nitui.li,!  to         .,n  uut- 

I'ut  up  t..  j.d  H  H  P.  ,it  7_j()  n  v..luti,,n^  p,  r  niiniitf.  In  tlu-  >ni,illrr  luti.r 
(1  11,'.  7.'4)  It  uill  lir  .  l.v  i\r  1  that  tlu'  sciu'iiif  of  I'lu!  conm-ttors  i<  iiuitc 
ditiercnt.  and  that  no  hnidnif,'  wires  arc  uj-id,  otlK-r  mtans  bt-ing  adopted 


Fi.?.  r»!. 

Wound  Rolon  of  i!!c  Ilrush  Klrcirical  Enfiinwing  CoRirany. 

to  hold  the  riMuurtc.rs  in  th.  ir  i^.i.  ,  ..  In  l.oth  tii;nrr<  tin-  n -.morioi^  bc- 
tw.rn  the  slip  rin,:;s  and  tlu'  wiiidni;;-,  ,  an  he  seen  omer^in},'  from  the  end 
"1  the  shaft,  and  in  Fig.  725  some  of  the  details  of  their  connections  to 
the  slip  rings  can  be  made  out. 

As  a  last  rxami)le.  Fig.  720  shows  the  complete  wound  rotor  of  the 
L;m..i>liiiv  DviLinio  and  .M<.tMr  <".>nipanv.  In  this  case  also  the  sl-.ts 
ire  i)artially  closed,  the  core  being  built  up  as  for  the  corresjMmding  squirrel- 
cage  rotor,  and  the  coils  are  former  wound.  Ball  Iwarings  are  use. I.  .md 
It  IS  (  laimcd  that  thcM',  coinl.in.-,!  with  ,:^o..d  nurhanical  balancing  and 
workmanship,  m.ike  it  sale  to  mn  with  >u.  ha  small  air-gap  that  the  magnetic 
leakage  is  appreciably  diminished  and  the  power  factor  increased.  For 
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iii-tnn<  1  .  the  IkiIK  u^ril  in  tlic  1  cjrii  ;M(  tnn-  ^j  Ih  Ii  n  ,  i:y\;  t  t  fo  ^tnmlnrd 
sizf  witliiii  dconi  (if  Mil  iiK  li.  It  will  I  t'  iii't'  cl  tliat  (.ndlmt;  l-'"^  iiri'  Pfo 
vidcd  at  v.u  h  v\v\  <>{  the  Mtor. 

In  .ill  ^1  liiiiir-  ti^r  tilt  uimliii-  i4  ;in  iinliution  nintur  an  import, mt 
jwiiiit  i>  tlic  n  l.iti  nuiiilii  r  of  -let-  in  tli^'  itnr  and  tlic  rntm",  .hhI  the 
iiiiinlitTs  ari'  ii-ii,ill\  i  li'i^ni  that  the  ratio  nut  a  >iini>lr  niic  In  lac  t. 
they  ail-  M'inttiini~,  though  nnt  ncic^-arily.  incninnu'nsuralili'.  Ri'liirinj; 
to  suinc  (it  the  niotdrs  dcscrilvMl  aKi\-c.  w  tuid  that  tiic-ic  nnndxTS  ill 
the  ^niall  icli'i  vliiiwn   in  -oi  aic  3}  to  41,  which  arc  iiiconnun- 

suraMc  .  .c~  i-  aUcp  the'  (a>-c'  with  tin-  3-1;. II. r.  iiicitcir  ci|  I'i-^,  -oc)  and 
712.  wli  ic  il.c  nnnilxTS  arc  48  and  31.  W'i''  c.nn.l  rc.tcir~  the  ratio 
may  In-  ^imiikr,  lui  ause  of  the  more  delinite  dirittion>  !;i\eii  to  the  rotor 
(urrents  hy  tin  windint;-;.  'Iliiis.  in  the  PecMc-;  motccr  (Iml;.  (1(12)  the 
ratio  is  to  jj,  or  4  to  j.  aiicl  in  the  23-11. 11  r.  wcimcl  ni'  icir  (-■,.  I  iu<. 
707  to  710)  it  is  72  icj  3),  al-c>  4  to  3.     SuiUHJse.  lor  instance,  that  the 

^•lots  in  the  stator  and 
rotccr  wcic  iciiial  in 
iiiniilic  r.  and  the  rotor 

Wi  'c  -.tallclill},'  ^till  witii 
i)oth  sets  of  slots 
radially  in  line  ;  on 
passiii.;  c  in  11  nt  t In  c  iii:;li 
the  stator  windiiii;  the 

Fig.  7  -6. — CoinpVled  Rolor  of  (he  Lancashire  Dynamo  and  Motor        Combination  WOUld  act 
Company. 

as  a  static  transformer, 

of  which  the  rotor  would  bo  the  short-tin  nit cc]  m  c  ..ndarv,  aiicl  wcmld 
ncit  ten.;  to  turn  in  citin  r  dircitidii,  for  it  is  c.li\ic.iis  th  it  the  re  is  no 
reason  why  it  should  start  in  one  diri-ction  ratlnr  than  in  tlie  other. 

Squirrel-cagre    Wound  Rotors.— In  conii<arin,:^  the  practical  results 

of  thcM'  two  nictiio.W  cii  ,!  -jL,Miiii::  ihc  n.tc  r  ct  a  iiclvpha-e  induction 
motor  It  is  obvious  that,  lucui  ihc  [ccnil  of  view  of  the  u>er.  the  sijtiirrel- 
cage  motor  is  almost  ideal.  It  h:i>  the  advantape  of  simplicity,  it  is 
chea'x?r  and  easier  to  operate.  wliiUt  its  ccr^t  ot  upkcc  j,  is  iicL^li-iMe, 
since  .here  is  nothing;  to  p  t  out  of  order  i.y  to  rei|uirc  rciiew;il.  When 
once  -taitcd  ,il>cp  and  riinniii;,'  niidc  1  a  ^chicI  l(.;id  it  has  a  hi},'her 
eliicitiu  y  ;iiui  power  l;ictor.  whilst  its  overload  capacity  is  greater.  The 
outstandinp  point  apainst  it  is  that  it  must  be  started"  with  little  or  no 
load,  and  even  then  -p.i  ial  ^t.lIliIl-  d.xic.s  arc-  nccc^^.uy.  If  it  be- 
st.11  led  uiul.  r  loacl  it  take  -  a  lu  avy  >tartiiic,'  ( urreiii  at  a  low  power 
factor,  and  the  stiirtini;  tor(|iic  is  small,  as  wc  shall  explain  in  a  subse- 
quent section.  These  ditficultit  s  arc  not  so  se  rious  with  small  as  with  lar^e 
motors,  and  therefore  some  maiuitat  turcrs  only  luiild  small  siiuinel-caye 
rotors,  whilst  for  large  siiies  wound  rotors  are  "statidard  practice. 
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II. — THE  STAKTINli  dl    I'l  >I  Vl  il  A^I.  M'HoKS 

Alfhrnii,'li  tfir  main  suhjirt  tif  this  «ri  tiun  i<  tlif  >tinliiitr  of  iinlurtion 
ni'  ti>i~  it  will  1)1-  (  Miivi  iiiriit  li'  ir  t"  (liAdtc  ;i  Ji  \v  hrii  f  jii'-liminary  paia- 
j;r;iliii>  to  llir  startiiit,'  ot  smii  iininiiu--  iiidturs. 

Synchronous  Motors.  -  l        nictui--.  :i>;  aiii  .uiv  cxpi.iiiirii.  ^ic 

It  vcr^i  (1  altt'rnators.  ruimini^  withutit  >lip  at  a  dt  ail-tnii-t.mt  spi  rd  iK  tn- 
ni-  il  bv  till-  fii(iuciiry  of  ihv  supply  cuntiit  and  the  nunilKT  ol  puli'S 
(1!  ill-  machine.  Like  alttrnatois,  tluy  must,  ot  coui<f.  bo  s<  paiat>  ly 
cxiitid. 

Whore  the  motor,  as  one  member  of  a  coupled  pl.mt  set.  ihivts  a  con- 
tinuous-currcnt  <lynann>,  arransemcnts  an-  usually  nunU-  fo  start  up  the 


Fig.  737. — KfeelU  MaiiiMt  a>  S«ll'^IarltIltf  Sycchrunoiu  Mi  tor. 

S.T  from  the  (.niniiiiinii- ■  !iirt'iit  ?i<U'  by  ii-iiiL.'  tii  '  ihiMiiiu  t>  ii.|"r:i!iK- 
as  a  motor,  with  thr  usual  startmi;  dc\iiAs  wlueli  havi'  bn  11  lully  di  >'  liinil 
elsewhere  in  this  book.  Wlun  tin-  alternate-rurrent  miitor  appicaches 
full  spml  prnpi  r  sym  ill  I 'iii-iiiL;  di  \  i' ■  as  e\|>!  iiin  d  <  where,  nui^t  In 
Usi  d  betore  it  is  switi  lu  d  <Mi  to  t  lir  .lii .  nutti  -i  ui  H  ni  supply  mains.  I  ho 
field  excitation  can  then  be  adjusted  to  ijive  the  power  factor  required.  If 
the  motor  has  a  direct  rou])le<l  exi  iter  aiul  lan  be  st.utid  ipiite  lii;iit,  and 
also  ii  a  supply  of  i ()Utinuou>-(  urreiit  eiu  rpv<il  tin  proper  \olt,i,i;e  i.-,a\ail- 
.ible.  the  exciter  may  be  ii~ed  .i>  a  starting  moti)r.  the  exciting  current  being 
temporarily  taken  from  the  loutinuous-curntit  nuiins. 

If,  howe%-er,  neither  r)f  the  aliove  or  any  similar  metiiod  can  Ik-  used, 
a  ?i>eci,il  st^uiini,'  uKicliiiie  nui-t  be  ii^'d,  riii:~  (>lten  takis  the  form  of  a 
small  direct-coupled  induction  motor  usually  canied  011  an  out-bearing 
oil  the  shaft,  and  of  suthcient  tennwrary  output,  frequently  one-sixth  ol 
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tliat  III  till'  bifi  inadiiiu'.  fu  start  up  tlio  inotor  and  briiiR  it  up  to  syn- 
chronous sjM'fd.  when,  after  beint;  synrlironisfd.  it  can  be  thrown  on  to 
the  mains. 

Stif-sf,ii/li!^  Sxi:Jir"r,>:is  It  is,  ildWrVir.  Jii)s>ibk'  to  lunihine 

tlic  imhutinii  -t.ntiii^  inotur  with  tlic  synrhronotis  motor  in  a  single 
machine,  and  tlic  J.aneasliire  Dynamo  and  .Motor  ('mnjiany  iiavt>  di >ii^iu  <l  a 
tyjH'  of  svnchiitnoiis  motor  which  t  an  U-  its  own  iiidiu  tion  motor  lur  start- 
iiii,'  pniii'i-i  ~.  It  is  a  rcvi  rsi  d  i<  \iil\ in-  in M  ahi  inatur.  tlie  tifld  magnets 
biiriK  ui  till'  non-salient  jiole  cylindrie  type,  as  shown  in  Fig.  jzj.  The 
terminals  of  the  revolving  field  tnagnet  are  necessarily  brought,  as  usual, 

,  to  twii  slip  riiif^s.  and  when 

I  Ihe  >tator  is  tinown  on  to 

pol  .  jihase  mains  the  usual 
rotating  sfator  tiiM  ot  an 
induction  motor  is  set  up. 
If  now  the  slip  riiiijs  be 
connected  througli  starting 
resistances  a  single-phase 
alternate  current  will  lie  set 
up  in  the  circuits  of  the 
field  magnet  shown  in  Fig. 

wliicli    thus  becomes 
tlie    wound    rotor    of  an 
induction    motor,  Wound, 
however,    for  monophase 
currents.     The  connec- 
tions of  the  starter  are 
siiown  in  Fig.   728.  It 
-     is  a  13-position  rheostat, 
wUh  aliout  half  the  re- 
sistances arranged  to  art  as  starting  resistances  for  the  induction  motor 
and  the  otli,  r  Iiall  to  <  nt  .l<iwn  the  contiinious  current  of  the  e.xciter.  On 
position  I  the  whole  starting  resistance  is  in  series  with  the  rotor  winding, 
and,  the  main  stator  switch  (not  shown)  being  closed,  the  machine  starts  as 
an  induction  motor.  Ilie  (  \.  iter  1;  hrin^'  out  of  circuit.    The  starting  resist- 
ance is  cut  out  -.tip  ]iy  -tej)  to  jiosition  (),  on  which  the  rotor  is  short- 
circuited,  and  the  maihiiie  comes  up  nearly  to  synchronous  speed  with 
the  usual  small  slip.    At  position  7  a  transition  bulfer  resistance  is  inserted, 
and  at  S  the  exciter  E  is  i)laced  on  the  slip  rings  witli  all  the  resistance 
in  series  with  the  rotor,  whicli  is  now  a  four-pole  field  magnet.    The  motor 
automatically  takes  charge  of  the  slip  R.P..M.,  and  pulls  itself  up  to 
synchronous  speed,  after  which  the  exciter  current  can  be  adjusted  to  its 
required  running  value. 
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As  iri;,ir(K  tin-  ticlil  iii.imii't  ur  mtor  winiling.  it  is  iiitiTr-t  nm  ti>  iioto 
tliat  it  is  Will  vciitilatftl  with  nunu'tous  air  ducts,  an. I  witli  lU'llictor 
plati's  on  the  end  zones  to  driw  air  tliroti,t;h  the  nitur.  Tlie  (nils  are  of 
tl.it  iiiiiii'  !'  Strip  woimd  on  r<\^.-  in  >i'r,  i.il  iMimr!^  .in.l  thru  i.ipr.l  uj). 
(lipjHMl  in  an  in>iii.itini,'  ciiinpunnil.  and  dii.d.  llicy  aro  alltiwar.U 
placed  in  trwuxhs  of  pn  p.iri'd  in-ulatiun,  ;ind  lu  ld  in  place  with  wooden 
or  insulated  bronze  wedges.  The^end  connections  are  still  further  secured 
b\'  special  hracinRs. 

The  statin-  (Til,'.  J2()]  is  nt  tin'  altrrnatur  aiinalmc  tvp.'  Iiillv  di'>rn!ifd 
elsi'wlierc.  Machines  have  been  hnilt  up  to  750  n.i'.  to  run  at  750  k.I'.m.  on 
j.ioo-volt  three-phase  mains.  They  practically  solve  the  problem  o(  a  self- 
startin;,'  s\ m  hrnnous 
alti  rnatf-(  ni  Ti  nt  nio- 
tiir.  and  can  be  usi-il 
a>  "  i>hase-advancers  " 
(s.v  i.af?e  1312). 

Induction  Motors. 

— A»  with  I natinuoiis- 
current  motors,  so  also 
with  polyphase  induc- 
tion motors,  certain 
precautions  nui>t  hi' 
observed  in  starting 
the  motor  from  rest, 
w  hi  ther  loaili'd  or  un- 
kiaili'd.     SlinU'  ot  the 

possible  nutiiods  tit 
starting  may  be  briefly- 
sununariseil  as  fol- 
lows : — 

(1)  By  throwing  the  motor  direct  on  to  the  mains. 

(2)  By  altering  the  connecti">ns  of  the  stator  wimlings — 

(<i)  Fruni  a  running        sh  "  connection  to  a  starting  "star  " 
connection. 

(';)  By  a  series-parallel  rearrangement  of  the  stator  coils. 

(3)  By  suppl\ing  to  the  motor  at  starting  a  voltage  less  than  the 
lull  ruiuiing  voltage. 

(4)  By  throwing,'  the  motor  direct  on  In  thi-  mains,  but  simul- 

taneously introducing  ""csistance  into  the  ciuuitsol  a  wound 
rotor. 

(5)  I!y  n'.iHlifyin.!;  the  con-lrui  tion  nt  tl.i  ii,i'ti'i  ■-d  tli.it  it  nia\ 

be  thrown  dinct  on  to  the  mains  wht!:  ^tartlng.  TLc  ihiel 
modificatioiis  used  have  been — 
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(.1)  A  t\vo-i>;irt  >tat(>r  with  one  part  movable  relatively  to 

the  (itliir  (Hiiiulirmi). 
('')  A  twii  ji.iit  ^tatnr  with  a  j)h,i--i -1  haiit;in^'  Iransfornicr  in 

circuit  witli  oiu?  of  the  i>arts  (BuucliLTot). 
(r)  A  specially  constructed  s(iuirri'I-cai;e  rotor  (Boucherot). 
(</)  A  iijti>r  S'l  wiiiind  and  anatii^cd  that  at  a  ilriini!''  >p''id 
thr  <  iiiin(  (  timis  arc  (  haiifjcd  Iroin  ;.tartiii','  to  runiiing 
(  ciriiK  (1  icin-  (("iDr^cs  and  Ilnhart). 
(i)  -Multiplex  \vi'i(li:-i;s  tm  the  rotor  successively  short-cir- 
cuited as  the  s]>ecd  increases. 
(/)  A  xanalijf  niaL;iKtic  ciuuit  in  the  rotor  (Zani). 
li    will    he  iii'ticid    that   the   lirst    thne  oi   the   general  methods 
sch'  dulcd  ahove  ileal  with  the  stator  circuits  only,  as  those  circuits  are 
ordinarily  wound,  and  are  therefore  applicable,  at  least  theoretically,  to 
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■1  "Star"  Connections 
ln,g). 


Fig.  73«-— VoltaRB  on  "Mesh" 
(Kunniiij;), 


Connections 


all  forms  of  polx  pli.isr  induction  motors.  The  Innrth  method,  however, 
whicli  retjuins  the  introduction  ol  a  startin,i;  resistance  into  the  rotor 
circuits,  cannot  he  ajiplied  to  -.|uirrehc.i-,-  rotors  and  necessitates  that  the 
rotor  shoulil  lie  wound  and  its  terminals^  brought  to  slip  rings.  In  fact, 
it  may  be  said  that  it  was  this  method  'of  starting  which  was  the  chief 
cau-^r  ot  the  dewlopinent  ol  the  wound  type  of  rotor.  The  methods 
scheduk  d  nnd(  r  (3)  are  all  si)ecial  nu  thods  requiring  specially  constructed 
machines. 

The  lirst  method  (i)  camioi  W  u-ed  with  impunity  on  any  but  small 
motors,  and  then  only  v. Inn  the  motor  is  started  light  or  on  no  load, 
unless  tlie  motor  has  a  specially  constructed  rotor  or  some  protective 
automatic  device.  If  an  attempt  be  made  to  start  a  large  ordinary  motor 
or  a  small  one  heavily  l.^adcfl  in  this  simple  way  a  very  large  current  will 
flow  thnmgh  ih>-  -t.iior;  and  u..t  ,.nlv  uill  this  current  be  large,  but  it 
will  have  a  consukr.ible  lag,  or,  in  other  words,  a  low  power  factor.  The 
conse.iuences  nl  such  a  current  being  drawn  from  the  mains  may  not  be 
coniined  to  tiie  motor  which  is  being  started ;  in  addition,  the  heavy 
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lag^jint;  cum-nt  ilomaiuKd  may  intiodmc  ucii  pli.i-' 
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voltau'-  di-tiii'ianci' 


Fig.  751.— Y.Delu  On-immCTjecl  B.T..H.  Sliriing 

Snitch. 


into  tlif  iii'twnrk  Irmn  wlmli  it  drawn,  .lu.l.  as 
a  rt  -ult.  inttil«  u'  witli  tlie  rii;\ihir  running;  <if  otlu-r  motors  in  the  noKh- 
bi>url]o..il.  Siiili  a  inulf  nutii.  il  "t  ~l.irtmK  shotild  llintlnr.  U'-t  be 
employitl  cxiopt  (or  ijiiite  >m.ill  or  for  sp.  iially  constructed  motor,. 

The  "Star-mesh"  Method 

of  Starting-.     riii>  mttliod, 

al--o  kiK'wn  a-^  tlif  "  Star- 
Dtlta"  .iiul  the  "  Y-Drha" 
imtliod,  consists  in  winding 
the  ]> 'Iy|ihas(>  stator  tor  its 
phasi  s  to  1m  (  ..im.  cli  ,!  ni 
"  mesli  "  tor  riniiiini;  j)nrj)OM>. 
but  witli  tlu'ir  tirniiiwls 
hroui^ht  out  ^o  tliat  thrv  in.iy 
ho  count  1 1-  il  in  '  ^t.ir  "  tor 
starting  pui  pi  -r-,  I  hi- 1  h,inu;<'. 
which  can  be  made  by  a  simple 
throw-over  switch  if  tlie  cur- 
rents l>e  not  too  heavv  or  the 

voltages  too  hi.-h.  rediK  >  >  lU-  st.irtin-  voltai^e  at  tlw  tnniiiials  of  .■ach 
stator  coil,  as  will  be  evident  on  an  inspection  of  tlu:  di  iL;iam<  in  l'i^,'S. 
730  and  7ii.  uhicli  .ipplv  to  a  three-phase  motor.  In  l)oth  diagrams  the 
supply  mams  are  represented  by  />,  and  r.  nid  a  constant  alternate- 
current  voltage,  say  of  17J  volts,  is  supposxl  to  he  m.iiiu.iin.  d  'letw.en 

them;  A.  H.  and  (  .ire  the  v\ind- 
ings  of  the  stator  for  the  separate 
phases.     In  l'v~:.  731   this  hiu; 

iL;e  betwi  en  /'  and  </  supplies 
cvnrtnt  to  the  coil  .\  only,  whilst 
in  fig.  7J0  it  supplies  current 
to  the  coils  .\  and  b  in  series. 

I'li'i-.m-e,    lioWeVi  r.    of    tlie  >tar 

cotmection  J  in  Fig.  jjo,  the  cur- 
rents in  A  and  b  are  not  in  phase, 
and  ''ii'  pre-sure  across  lli.'  ter- 
nnnals  of  eai  h  ot  the-e  windings 
is  100  volts;  the  two  roils  in  series,  account  being  taken  of  the  phase 
I'.ill.  renc  s.  absorii  thr  17  ',  volts  from  the  mains.  I'ut  otherwise,  the 
■ilteration  of  voltage  on  the  individual  windings  on  changin';  from  mesh 
to  star  is  cqniv.ilent  to  working  with  58  p'  r  ci  iit.  of  the  lii.e  voltage. 

Special  switches  ate  av.iiLil>!e  for  niakiiig  the  a!v>ve  ehang.\  a  Wf!!- 
known  example  being  the  "  Y-delia  switch "  of  the  Ikitish  Thomson- 


fi*-         B.T.-H.  Smiting  Switch  u  seen  fnm 
faaiwaib. 
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Houston  Companv.    The  external  aptx  aranre  of  this  switch  is  shown  in 

Vvj..  7  ;J.  It  <  (iii-i-l-  nt  ,111  ii]ipi  r  pditiiiii.  .  iMitaiiiiii;,'  thi'  terminal  and 
fu>t.'5,  \vliil>t  till'  lowci  poitmn  i-  a  sciiiii  in  til.ir  nil  tank  t ontainini,'  the 
contacts  of  an  oil  switdi.  lln-  umlcr  part  i>l  tin'  iipp"  r  portion  is  Men  in 
Fif,'.  7;,.;.  which  is  a  view  ioi.kiiiK  at  tiie  switcli  Iruni  helow.  the  oil  tank 
having  l)een  removed.  The  U-sliaptnl  rnntacts  into  which  the  blades  of 
tlif  switcli  ciittT.  and  the  loppcr  >paikii!^  lumri:,.  wliicli  take  the  Cina! 
break,  can  be  readily  made  out.  Tlie  switt  li  is  woi  k.  d  by  the  handle  at 
the  right-hand  side,  which  has  three  j«)sitions,  and  tiic  actual  change  of 
the  connection  m.nlr  hv  tin-  switch  can  bi-  ascertauied  by  an  insp. .  tion  of 
File's.  7J4  to  7.;;.    In  tli>-  central  position  the  switch  is  "  off  "  ;  il  pulled  to- 

1  VW\r  1 

I — WW — I 


rU.  734.  JU-  735-  FiJ:-  73«-  F«-  737. 

Connections  of  B.T.-H.  Oil-lmmerseU  Y.DtlU  Surdng  Switch. 


wards  the  operator  X\v  connections  are  made  in  the  starting  or  "  Y  "  position, 

and  when  puslird  !..ird  o\rr  from  fiu^  opiTator  it  is  in  the  "delta."  or  run- 
nin.i,'  position.  In  Fii,'.  7JJ4  the  larf,'e  nvtan^le  rcpnsriits  the  base  platr 
with  the  contacts  in  position,  these  contacts  being  marked  l)y  little  s<)uares. 
The  knife  Mvitch  has  fonr  bladi  s  iii-ul.ited  from  one  another,  but  moved 
simnltaneoiHlv  by  the  on"  handle  ;  !  ,,  ! rejiresent  the  incomini,'  live 
wire-;,  whicli  are  linMijlit  one  to  t-.icli  of  three  of  tlie  blades,  iiie  ter- 
minals of  the  three  stai.  '  are  marked  .V  A,.  B  B,.  and  c  t  j  respectively, 
.\,  l)(  im;  brouiiht  to  the  foui  la  of  the  knife  blades.  The  dotted  lines  show 
the  c  rnvs-comni  tions  witliiii  the  -.witch  and  tlie  three  pairs  of  <  rossed 
lines  represent  tlie  i)rotectin.y  fu-  -.  When  the  switc  h  is  in  the  "  off." 
or  central,  position  (Fig.  7jfi\  only  the  knife  blades  are  alive,  an'!  "ther 
contacts  are  ilcad.  even  if  the  main  switch  (not  shown)  be  closed.  In  the 
m  xt  position  the  contacts  are  joined  as  in  Fit;.  7J5 ;  Lj,  Lj.  and  L3 


The  At'To  TKAXSfORMKR 


7»» 


are  put  on 


to  A.  n.  riiid  <■  rrsjHTtivi  ly.  ami  a,,  n,.  ami  < ,  ar«>  joiiu  il  !»v 


1 

e 


til. 


I  til  111. I'll'.  I'li  iiiini,'  till-  neutral  point   >>\  the  Y 


iiiit  III  ciu  iiii.  I  hi-  i>  the  '■  st  irtinu  "  ix'-itiuii. 
iiin,!,' "  jwiMtion  the  mntaets  are  a-,  in   I'i;^.  7 ',7 


n  t hr  t liii . I  ■  ir  "  rnii- 

thr    -l.llol     (Mil-  U!lh 

the  fu-es  in  lireuit  are  juineil  in  "  nie>h  "  or  "delta.'  llie  loiiilli  hlaile 
lit  tiie  knile  switeh  is  idle,  exeipt   lor  voltai^es  alxive  4110  500.  «lien 

;I     !■>    lltill-"il    (l-'iu.    7  '.4)     t"    llltlii.lll.  1     ,1    |..U    Voll.e;.'     11  1.  ,l-r  \\\<\\ 

hiiil^iiiL;  ri>i>t.iiii  e  lii  tufi  ii  \|  .111. 1  r.|.  I  he  ■■\-ti  iii  "l  int.  :  1...  kin^  1-. 
Vri \- ei inil'lete,  for  t he  NUiti  ll  1  .mil. it  li.  llii.iwn  liurn  th.' nil  tu  tin  iiiiiiiin:,' 
position  without  pa>-iiii;  tliioii);ii  the  >tartint;  |x)sitioii.  .Mni  liie  tup  hd 
M'eii  ill  Fin.  7 ',j  l  annot  l)e  opened  to  f;et  at  the  luse>.  ete..  utile»  the  handle 
IS  in  tin  nil  pu^iti.in,  and  vice  vers;i.  when  the  lid  is  open  the  handle  ean- 

liot    l>e  niovid 


troiii 


r       ^        llj!.  7;1.-!>ri!iLi|.lf  i.f  thr 


Auto-  rraii^f.irnict. 


■  :i.  1—.  ,1  ill  ill.' 

.  Ill  -  .-Witt  ll  1  .1^- 

iiit;. 

M  ,1  re  t  .  - 
1 1  iitK  ill.'  -.iiu.- 
;u,il.;i  1-  I'll.  I 
.iir  -  lireak  "  Y- 
delta  "  >\vitch 
Im   ni'.ti.is  up 

to  23  li.n.P.  at  550  volts,  containing  all  the  usual  safety  di  viro  and 
praeiieally  fool-proof. 

The  Series-parallel  Method  of  Starting.— Thi-  im  tln  il  eniwi.,t>  m 

diviiliii;;  up  the  wiiuliii!;^  of  I'.ii  ll  ph.i-i-  ot  the  >tator  into  .1  niiiiilii  r  nl 
e(iuivalent  sertioiis.  toinieeted  in  series  in  each  phase  for  startiiiL;  piirpoM  S 
;ind  in  parallel  lor  runnin.i;  j.urjHJses.  1  heoretically  there  i>  no  liuiil  to  the 
nundxT  of  sections  which  may  Ix-  used,  but  in  practice  oiilv  two  separate 
--.■cli.ins  .ire  wound  in  taeh  plia-r.  Wln'ii  jihut-d  in  Miir^  in~te,iil  nl  in 
jiai  allel  on  the  mains  the  volta,i;i'  at  the  terminals  of  i  .k  h  \\  iiidiiin  i>  redui  ed 
to  one-half  the  line  voltaije  which  is  >upj)lied  to  the  coils  when  ruiniint;  on 
id.i.l  in  parallel.  The  ettict.  huwever,  nt  tlii^  iliiuiiii-~lii  il  volt.ii^e,  a>  will  Iv- 
-liiiwn  presently,  would  he  to  rediu  i-  tin-  >t,titini;  tniiiue  Vo  uiie-ipiarter  of 
wh.it  t ould  hi'  oht.iineil  with  tiill  liiii  viilfaL;i  With  1  .11  ll  winding  in  two 
sections  four  tertninals  per  phase  must  Ik-  brought  ti<  the  >tarting  switch, 
which,  therefore,  has  to  handle  twelve  terminals  with  a  thne-phas*'  motor. 
98 
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starting  with  Reduced  Voltaffe.  -Tlu-  third  ....  th-nl .tartm^r  p-K- 

pha-.-  .n..t..r».  n  tm.-.l  t..       ,uu.   717.  --'-'^  -I'l'lvm^ 
n.n...M-^av..ltau.'lnvv.Tll.anil.onimii.>,^  v..llag.  ni  tl,.' tiia-hm.-.  Ihi-.m 

W  ,1......  in  -.  v.ral  .liH.mit  «avs.    The  t.i'-^t  uUvum^      to  thmw  int..  tlio 

.t»tnrnr...ii-..i.  .-taiuv  •  in  m  nr-.  t-  ah-orl.  juit  of  th.-  pn-Mir.-. 
It-jvin-  oi.lv  ih.'  l.alaii.  .    I     t"i-  il"'  '"'>»"'•    T'"-  l'"^v.  vr,, 

xva.t.  ful,at.dM...ul.lonlv    I     h  ■         for  small  motors  wl.nv  ih.  ^ 

aiH'o  nipi  1 1 1  li 
would  not  In 

H'^tK',  .111(1  wlictf 
till'  iiowii  \\a-liil 
would  Dot  bo 
serious. 

A  nuK  li  lu  ttiT 
method  1-  1"  '!-' 
,111    ani"  -  ti.ui— 
|iT..icr.  tin-  priii- 
t  i]i!c  o|  wliii  li  is 
ill  l-"iu.  7.',S. 
A  '  I'M-  <'t  l.iiiiir 
lied    iron,   a-  m 
1 11  \-  ordir.  ary 
li.in^lcimiT  (mv 

-  4.i.>  II-- 
1.).  i-  "V.T- 
wniiiul  witli  a  >i;i- 
■;!■■  icil.  tlir  iMids 
11!  W  111.  li  A  .illll  i  . 
■>>■    til    be  juliud 

;.i  till'  maiu^. 
riii:;  (  nil  i~  t.ippi  '1 
at  M'lui-  ci'in  tiu- 
fut  iiitcriiiwliatt' 
point  H  between  .\ 
and  I  .  and  tin' 
motor  i  >  I  o  u  ■ 
nected  to  the 
points  .\  and  B. 
tli.iii  tl.r  mean  i'.i>. 
a  au'ie  ('oillos  and 


,,._\Ve>li:.^lK.u»e  '■  Auto-SUrter  "  Ct  nipli.w  V  .tor. 


The  mean  r.r.  l"t\\rrn  a  au.l  h  is  iieces>-aiily  K-- 
belween  A  .md  (,.  I'liis  would  al<o  be  the  case  if 
inductionle^-^  resistance  were  connected  to  the  mains  K-tween  .\  and  t; 
but  111  th<-  .i!it..-tr.r,;M.  rni.  r,  in  .iddition  to  the  resistance  action,  the  jiait 
ut  the  c(.il  between  A  and  b  act-  ar,  the  secondary  of  a  transformer,  with 


A:  t\'  SlARTKKS 


IfliT'li 


'il       ilif  pimiatv.    ThiiH  it  11  |i,>s.il>|i'  f,,  ,lmxv 


a  mil.  Il   !,iif.<i   <  mil  lit   tn  iii  tlif  ti  TiiiKuiN  a  .iikI   11  tlum  1-  li. 


Ill  f  Wl  t  II  III 


it    A  .1 


tul 


'  111:; 


.iirv  till-  l.ii    I  .  iiiiciit.  lilt  iiim> 


ii^l  1: 


I.  pi. 


HI  tli 


liL;iin 


lil.lijr    Ml    till.  kiT 


'1"  I    iJi.iii    Dm    luin-    brlu.  fti    n    ,111.1    (    (  .iitA  iiiL;   tlic  Miiallci  uii- 


i  <  iaif>|p<.iiiliiic1v  |(i\v  V'lltaui- 

7  'p"^   '  iiU'    a    ^iii::lr    \<\:a-<-  i-, 
an  "l\i(iii~. 


nut.    Ill   tli'>  wav    i  laic   1  urri-nt  at 

1.1:1  ~iij>i'lii'l    t'l    till    III.  I.  I      In    l  i-  - 

li' .i!t  Willi;    '111    iii.i--.ii\  ,i.!.|j!i..n-  l.'i 

\'\.'  .1111-  ~t,ini  I.  '  .1-  It  I-  1  .illnl,  i.f  the 
P.nii-h  \\f-tiiii;lii'ii'<  l.in  tiii  t  •■mji.iiiv 
wi'iks  nti  fhi-  ]>ri!iri]ilc  ami  is  '•lunvti  in 
V\j.  7  ;i(.    Til'  I'.ii  t'  :  I,  illu-'  1      d  1-  lilt,  lull  (t 

t'  ■!    illl'!l.l~i'  I  -  ,  .llnl  .  .  i|l-;-I-<  . 't   .1  .1.  .ulllc- 

tlii'W  .i']'ji  I  -witili  Willi  ;..iii  f.i|\taiN  I'M 
i  a.il  -nil  .  r.rli  'U  tjif  >v.  It.  li-l'a-i'  aiv  tu>' 
ailti'-tiali-li  riiiii-.  with  tin 11  iniii...]  jm^- 

<-Uli    t.tlllilMl-  .  '  ■lil'i  I  t.  il  llir  .•.|lt.l.I~  .III 

i>ii>'  -nil'  aii.l  til' II  lull  pn --111C  ti  niiiiiaU 
( .  inn  1  It'll  to  tli.'-t  .ill  tlif  i.tln  r.    Tin-  lt  \rl» 

"I    ih.    -wi'i  h    .11.'  .-.  nr..  I     'I   \,,   tin-  !.ij  r 
Il  1  iiiiii.il-  .'I  til.  ilij'li.i-.  ill.  I.  I.     l  i.i  -!,ii; 
iiil:.  tlif  I'liiipi'ii  1-  'l.i.'XMi  •'11  t.  :iii 
l.i«  --tirf  ti  lliiinai-.  tin-  iiMa'.>  liavii'i;  I.,  l■ 
l  1  iiiucti  i|  with  an  I'nlin.iiA  switch  11  nthi  ; 

Wl-r    :.i   !|ii     llH,ll-J)ll  --111.-   ti  I  IIiIImI-.      \\'..  ;i 

tin-  iiii'ti'i  lia-  run  ti]i  til  -jii't'il  tin-  i  lii.|Hii  i 
1-  tlili.wu  cVil  nil  t.i  the  tllll-]iu— nir  t-i- 
nmial-.  By  iiU'Viiiu  the  J" 'iiM  i;  ( l-"i'.,'.  7  . 
ilittftiTt  i"'-iti.'ii^.in  tin-  wiiiiliiii;  til.  -laiti!'.- 
\i'!t.i^r  1  .in  li.  ailjii-tiil  ti.  vaiy  \\\v  titniiu" 
until  tlif  lii-t  ri 'iiilitii .11 
i.i-i'  art'  .ittaiiir.l. 

.\  11. '.It  I. '1111  I.f  ■■  .\iit.i  St.iit.  r."  illii-tiMii  .1  in  1  i-.  -^n,  has  hriTi 
il.-i.L,iuil  l.v  Mr.  (....If.;,-  l-:ili-.iii,  di  liiiniiii^Iuiiii.  In  this  -tarter  tin- 
tr.iii-f.irm.-r  i-  r.irrif.I  in  a  ji-ji.ir.iti-  nil  tank  T.  niimtit.-.l  ..n  ilii.  -.niii- 
I'M.  kit-  .1-  .ui'l  I'li.w  till-  I  .il-iiniiii  I -1  1 1  -wii.li  ;;i  ,ir  :n  -.  lli.-  ..i:,ii 
nil  lit  i.riiiii.iti  -  1,,.  ihty  ot  in-p.rti..n  r.  [..m-  .unl  •  l.  aiuii.L;  ,.ii.i  .■.  .iii.nny 
i.t  oil,  ,1-  til.  Mil  in  a  .--witi  h  t  hainht-r  -Jiunhl  U-  nion-  frt-.|iu-ntl\  .  hani^nl 
III. Ill  tin-  nil  in  a  tran>furnnT  tank:  it  al-n  iliniini-hi  -  th.  i...--iiiilii\  ..i 
1  \i'I"-i.>n.  as  tin-  traii-f..rnii  r  ..il,  whi.  h  may  ln-.  iimi-  i,-,.;,  1-  lims  s- ,i.ii .it. <1 
-(...rkiii^  ...hi...  1-.  luitlm,  tin-  iiansfornu-r  may  W  nniovnl 
t  iitiri-ly  while  tlic  .-wit.  h  i>  in  -i-rvii  c. 

The  apparatus  is  f«.r  tlirt-L--phaSf  working,  and  the  i-i.tmrctions  are 


lor  tin-  partiiiilar 


i  hi-  I  lti..  11  Autu-blai  lei. 


sc.?**! 


AMMETER 
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Kiv.n  in  l-ii;.  741     Hk-  tbr  |>hit*e  supply  rablc  markwl  t  is  Into 

llir  .livhiiii-  1"A   I   ill-  '»  "'"'I'        "'f'"''  l""'^'*  '^•P-'^"*''*' 

;in.l       thi.m;;li  i  l""!"  '  ■         """       '"'         "  ^"       >W'«'l>  • 
r-,  aii.l  I.,  (Hk.  7411     111.'  till.,' 1,1,, ,v  iii.,t.,r  ...l.li-  is  simil.nK  ...n- 
mrt.d  t..  M,.  M...  iin.l  M,  tlin,ui;li  tl,.'  .livi.linK  Ih.x  M.    Wht-n  th.-  ^«it.h 
I,  tluuNvn  int..  tlu-  '  ^t.irtiim  '  p.-ition  th.-se  >ix  >tu.N  an-  n.im.rt.-.l 
n-iMvtiv.ly  to  tlu-  timt.tits  a,  b.  « ,  i\.  r  .  atul  T    ili,  m-t  tin,  ,  pLi.  tn^ 

til,-  lui,     1,11  to  till' 

riliU  ,,|  III,  -t  ii- 
rimiu'i  till  trans- 
fmnur.  atul  tin- 
,i»t  ihti','  lili'  iiii; 
tin-  in,,t<>ri,ii  t,,  till- 
l>artirular  tr.m»- 
loiniiT  t.i)i|,iiiu^ 

U  111.  Il  Im\  ,  |l,'l  II 
,  ,  illl!,  '  t  ,  '  I  U]  I       I  111 

ili.igrain  >li'iw?  till- 
I  i,in\r<  ti,)ns  til 

Ili'   -  s  ■  r        i  '  '■ 

I  ,  III  .  t.llll'lllL,-, 

Wlun  till'  !ii,,t>,r 
i.i»  run  ti]- 1"      1  11 

tllr  -wit,  ll  ll.lllill,' 
i-  till,  ,\\  II  '  \  ,  I  II,  111 

till'  "  ^taltini^  "  ti' 
till'   "  running  ' 
]ii.~iti,,n.  Ill  will,  ll 
till-  (  i  iitral  row  ot 
studs  in  Fit;.  741  i> 

I I  inn, ■!  ti  ll  t(i  till' 
Inwi-^t  riiw  (,f  (iin- 
1,1,1-.     I'll'-  i,,iii- 


l-ijj.  74!.— C,,„„ecli, ,ns  ..f  the 
Kiii",n  .\--il"-St.„lr' 


ir.,iiM,-inu  r  an,l  ,  onii, ,  ts  tin-  i  j  and  L;,  line  pliasts 


l,l,t,K  Mil-  I. lit  ll,  lr.,ii-l,,inu'r  an,l  ,,,1111, us  uir  ii  a 
to  tlu-  M,  aii.l  M.,  iii<'t,,r  plia-,-  tlii,MiJi  tlu'  owrload 


oils  o,  and  Oj 

to  the  M,  motor  l>ii:i>c  tliroUL;li  tllf 

111,    nn-volt  rek-asf  sliuiit  n>il  v,   is  in 
plia-^os.  and  in  Tii;.  740  a  voltnu-ti-r 

,  M    ihr,-,-   i.rotc-tiim  1  oiN   .arc  >li,,W!i 


Im, 


rr<jxrtivfly.  and  tlu'  \.-.  Hiu- 
aiiiiiutiT  or  animi'tfr  !-liuiil. 
V  ir,  nit      r,i-~  t!..    i  j  and  1 
is  shown  .1,  1,,--  lii'  ■  I'li.i-t'-- 
monntfd  <ui  tlir  fr,,iit  .  i  the  ml  taiil<  ,  . 

way.    The  o\vr!..,„l  coil-  an-  a<ljustf<l  to  r.-lfas,'  tl„'  -witdi  wlii'ii 
,  unvnt  in  .  iUa  r  oi  \\w  i  Ua-,-  1  ,,iiii--,  t.-.l  n'a.  lu-  tlir  vakii'  ahovf  thi-  normal 
for  whi,  ll  Wn-  trippini;  uu-,  haiu  in  li.,>  Wvn  adjii>ti-d.  and  when  this  release 


111 
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IMTUr^   .1   p.'WillllI     I  MIU    I'llll^-   till     -Ulti  ll   til  .llhl   Iii'Mn   If    111   till-       i.tl  ■ 

|>ii>itiii|i  I  111  Iii|>  iiii'i  li.ilii'>lii  >  all  .i!"!!  be  u|>i  l.it(i|  liv  till-  liii-\ lilt. 1^1 
ii  li  .iM'  iii.iKiK  t  II  till-  prosure  lirll|>^  to  onc-tltiril  i>f  thr  normal  or  tn  zmi 
l>y  till-  »ii|>|«ly  l.iiiinji. 

I  t   '1  thi'  "  oH  "  j«>-itii>n  tin-  »\\it<li  iiiii-t  W  tir«t   pl.tii  d   in  tlu- 

"  -l.lIMi  ^  "  |ii'-ltli>ll  .Hill  III  M  till  'iili'Ii  It  1  ,111  In  tllli'Ull  I'll  ti'  tile 
"  1  illililim  "  lui-ltlull  ;   Iti.ililliit  t         .     II  tin-      ~t.iltliij;  '  [>ii-itlii|i,  .ilnl  ll 

till  iiiu  ratnr  wm*  to  let       tlu-  h.intii    <n  tlii-  |>ii>itiiin  llic  ^witdi  wmilil 

iiiuiH  ih.iti  lv  tlv  li.uk  til  till- "  lilt  "  |iii-iliiiii.  It  will  lie  Until  1  11  tli.it  in  liic 
-t.irtiiit;  ])ii-itiiiii  till  nitnin.itir  ii  li  .i»r  iii.i;;ui't-.  .irr  iiiit  111  1  in  int.  .i-  (Hu- 
tiitii'ii  i-i,iiiK  . .  i|inii  ll  liui  111^  »t,iltiiiL;  ;  il  -iii  li  |  ■!  i 'li .  1 1.  .ii  i>  lui  i . 
.1   M  p.ilatt'  (  iri  Ult-I>ri',ikt  r  VMtll  .illtnlll.ltli    Irli  .i>r>.  lUllvl   Ih-  t  nlllliiti  it  il) 

tlif  "  lint'  "  rirruit-^.    Sn<  h  ;t  breaker  is  (le->rrilK'il  on  p.iue*  \  \  \z  i  t  •••i/ 

Till'  -t.irtir  ^lii.wii  ill  l  it;.  7411  is  fur  a       11  r  iiinti  r     A  ^;  1  iip  iliin 

iiiiliu  timi  iiii'dii  111  ilii~  ^i/e.  ll  >\vittlie(l.  will  11  -t.iinliim,  mi  tn  till  lull 
Snlt.i}:i'  111  tlu  in.illl-..  Wnlilil  t.iki-  ..lintit  ti\e  times  (lie  (llll-luail  1  ulTenf 
anil  ^^\\^■  alxiiit  I  3  times  tlie  lull-loa't  t<in)iie.  On  a  50  jhT  eeiit.  t.iji  the 
-tartiny  rurrent  wmilil  h<  reiltn  i  il  to  ahnnt  175  the  ftill  lnail  1  iirreiif  ami 

till    -t.lltili;^  l  'li|llr  tn  .ilmut  .Jn  |nl  iillt,  n|  tlir  Inll-1  1  tn|i|l|i  .      It  tin- 

iiintnr  li.i~  til  «tart  .iK.iiii--t  a  ni-.illy  lull-luail  turinie  a  75  \n  1  1  eiit.  t.iii  wmilil 
h.i\«-  tn  Ix-  nseil.  and  this  \voul<l  >;ive  a  startini;  einrfiit  alxint  linir  times 
till  lull-i'Mil  iiiiiiiit.  The  -tanil.iiil  t,iii]iiiiu^  jirnMilnl  mi  tln-e  -t.iitii-. 
Ill    v<.  'in,  .iiiil  75  ])er  (Ctlt.,  aiiil  .my  niie  nt  tlli^e  m,i\-  lie  Jniiiiil  up  fnl 

t  ilting;  iiur|M)ses  :  ilu  lU  ti  rmininfj  (attitr  is  usnally  the  h>iu\  anamst  whieh 
tlu  iiintor  is  rttjuireil  to  start. 

In  (liphase  working  a  redueeii  voltage  fnr  siartiiiu  pui|  '  -es  iii,i\  he 

M|.t,illieil  t,lkiui;    ,lil\ .l!lt,lL;i-    m1    the         t    th.ll    liii-    pli  ~-uie    iH  tween 

>iii  I  e»ive  liiie>  is  less  tli.iii  the  lull  pn'»uie  n|  i  itlier  ph.i~e  sepal. itelv 
With  an  appro]>riute  switch  similar  to  that  shuwn  in  V)^  -j<).  Imt  wiihiuit 
tile  autn-truiislormers,  the  conmi-timis  can  he  so  maile  as  tn  siiiJply  this 
rediii  111  pressure  tn  tlie  mntnf  tin  ■-tailing  jniiixiM's. 

.^'^^/'/<)H;  /  .7i/i(,'.  The  elt.rt  nl  li-iliuini;  tlieM-ltaue  ,it  the  telimiiil 
ot  tiie  >tatnr  Un  -taitiiif^  purjxi>es  i>  that  the  startinj;  tnrque  is  theieliy 
cmisiderahly  re(hic<(l,  a-  sIidwii  Ik  Ii  w.  and  the  motur  can  only  start 
iniilii  liijht  n!  un  liMil.  Iv  iii^hi  ,  ,  It  ii;.i\  I'l  -,iid  ih.u  till  I  luiii,i;e  in  the 
iltni:;  tnr(|ut  \.iiK>  a-  the  -<|tl.ire  nl  tlie  Vnlt.li^e.  Tills  llietln  ll  for 
:isi'!i'i  wliicli  liase  tn  >tatt  under  li'ad  is  tlieret'ure  nnt  so  j,;(iiMl  a-  tlte 
methnd  >,\hich  will  Ik-  desi  rilnil  ]iti  ^  utiv  nf  mtrtHlucin^  re-i^t .1111  r  into 
the  ri'tni  circuit,  !iy  which  it  is  nlti  11  p. -~il)le  tn  p-t  a  tnll-lnad  tnniiie  with 
ll  lit  a  lull  Iliad  ctirrent ;  such  a  method,  however,  is  only  a])plicable  to 
wniiiid  rotor-.. 

As  already  explaiiie  l.  the  standstill  in  startiiit;  tnrque  and  current  of 
.111  induction  motor  coimected  direct  to  the  supply  main  with  a  short- 
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(  irniite  l  mtor  are  much  in  excess  of  the  full-load  toKiue  and  (  Uin  iu 
and  tlierefore  there  is  a  considerable  margin  to  work  witli  respect 

to  the  startini;  tonjue  so  far  as  the  reduction  of  the  starting  voltane  is 
(<iii\viii.  111.  riii-.  will  eviiUnt  Irom  tlir  lollowiiii;  t,ii>le.  published  by 
the  British  Thnuisoii-Houston  ("imipany  lor  the  dilureiit  sizes  of  tlieir 
squirrel-cage  motors :  — 

Table  VII.— Si ARrise.  Tor(.>i  ks  and  Ccrrents  of  iNni-'jTiON  MoroRs. 


!  Mean  .St.ir!ing  T  Tque  |  M.-.m  ^Liiii-'j  Cirri?; 

FitU-IdjiI  Torque  '  huil-..>.)J  I  urrcMt 


<  to  1  tiim-s  4  Imu- 

J  „  ;  '  5 

6  „  |i.  2-'>       ..  5  .. 

II  ,.  -•"  '■/".-     ..  5 

-M  „  4'  ■•  ■ 

41  ,,  I  '"-5      .1  '  5'" 


In  (iiiuuctiou  with  tlii>  table  the  Company  has  publi-lied  aKu  the  curves 
given  in  Fig.  742.  io  enable  the  starting  current  to  be  found  when  using 
anv  of  the  staixlard  jiercentatte  taps  on  tlieir  starting  auto-transformers  or 
conipiii  ili'i.-.  the  pei(eiitaL;e  lelrni  'l  In  beiim,  as  aliead\-  e\]>laiiieil  (-,•■: 
page  7J5).  the  pen  eiitage  of  line  voltage  which  is  applied  to  the  teiiniiials 
of  the  motor.  In  these  curves  the  various  figures  for  either  torque  or  cur- 
rent nil  liilldine  vnltagi  given  in  tli-  second  and  tliiid  enlnmns  of  the 
al)n\-e  lalili'  tor  the  --i/es  c|  motiirs  sjx'citied  in  the  tii-t  1  nliiinn  are 
plotted  horizontally,  and  the  starting  torques  or  <  lureiits  im-  various 
jxTcentages  of  reductions  in  the  voltage  are  plotted  vertically  to  two 
different  scales  as  s})ecitied  ;  each  curve  has  marked  on  it  the  percentage 
tapping  to  which  it  ap.plie;..  l  lui^  it  an  N-ii.i'.  motor  be  in  nuestion,  and 
it  be  i>laced  on  a  70  per  cmt.  tap.  the  starting  torque,  which  is  twice  the 
full-load  tonjue  on  full  voltage,  will  bo  found  to  be  ()-97  of  full-load  torque ; 
whilst  its  mean  -tartii'L;  cm  rent  is  reduced  from  five  times  the  fulWoad 
curniil  to  a  little  oVer  J  4  times  that  ciiuent. 

Knergy  lossi  -  are.  of  course,  involved  in  the  use  of  an  auto-transformer 
as  a  voltage  reducer  for  starting  purpost^s.  For  instance,  the  transformer 
acts  as  a  mere  rc'iistance.  an<l  so  dissipates  energy,  but  the  amount  so 
dissipated  is  ehiell\-  on  the  \  b  sectinii  (Imu.  7,;'''*)  and  is  snia'l.  In 
addition,  it  absorbs  wattle>s  kilovolt  amperes  on  account  of  its  mag- 
netising current  and  reactance.  It  is.  however,  easy  to  prove  that  the 
eneriiv  lu--i  -  ,ire  \ei\'  nuirh  -mallei  than  are  iii\iil\'ed  in  the  cruder 
method  ol  reducing  the  \iilta:;e  by  starting  resistances  infiodiued  into 
the  primary  circuit.   For  instaticc,  in  some  experiments  with  a  20-H.P. 
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motor  the  cnerRX'  takt-n  from  the  line  at  starting  wlion  rheo>tats  were 
us<'tl  was  four  times  the  rati'tl  load  t»f  th''  motor,  anil  \vhil>t  tlif  mufnr 
ahs)rhf(l  si^.  the  resist anccs  absorlwd  i  ~5  tinn's  tlic  t'nrii;v  "f  tlic  r.ited 
load.  With  an  auln  lraii--liimii  r  lappnl  to  icprochiri'  thr  ^inir  st  irtin:; 
coiHlitions.  the  traiistornuT  onlj'  absoilnd  per  lent.  ol  tiif  rated  load, 
reducing  the  jwwcr  drawn  from  the  line  to  ,:-4',  times  the  rated  load.  The 
mai;nt'ti~iiiL;  cvirr.'iit  in  thr  transioiniiT  was  tound  to  In-  l.>>  than  ro  |icr 
cen'.  o|  till'  Inil-load  cuiri  iit  aiiil  its  watlK  -s  ii  artaiii  r  pi ,ii  t ii  ally 
n^■•^\K\h\•■. 

Starting:  with  Resistances  in  Rotor.    11k  lomth  metiiod  (4)  on 


Nuoibtr  of  twM  Full  iMd  IbrqM  «^,ani  of  Full  Load  Current  token 
by  HOTOt  TMOWN  CMtCT  ON  TOUne 

FI_'.  74 J. — Efleut  of  Cni:!.;  ( 'on;[n'ii>ati.jn  Taps, 

paRe  717  is  one  which  is  very  widely  used  since  the  introdm  ti  .n  of  r,  ~i>t. 
ance  into  the  rotor  circuits  not  only  has  the  elfect  of  euttnii;  down  the 
stator  t  uirciit  and  diiiiini-hiiiK  its  las,',  but  also  very  materially  increases 
the  torque  011  the  rotor  ;  in  fact,  makinj;  certain  ajiproximate  assump- 
lions,  it  may  be  shown  that  at  startiii^'  the  tor«iue  is  |)iu|)ortional  to  the 
ri'-i>faii(e  of  the  rotor  lucint.  As  we  knew  (.vcv  i>n'^r  5i,.>,  X'.,].  I.) 
tliat  the  toi(iue  depends  on  ill.-  pnxhu  t  of  the  current  and  the 
magnetic  field  which  it  intersects,  this  result  at  hrst  siitht  seems 
curious  and  contradictory,  for  the  intnuhictiou  of  a  n  -i-taiiM  into  a 
l  ircnit,  other  thiui^s  bein^'  e(iual,  must  nece>sarily  cut  down  the  i  iirrent. 
Pile  explanation  lies  in  the  phase  relations  of  the  various  (luantities 
involved.  In  exactly  tlie  same  way,  as  we  have  alreailv  seen  at  pai;e  Soi, 
Vol.  I.,  that  the  product  of  a  lafjging  current  by  the  ilnpres^ed  e.m.f.. 
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giving  tho  powvr  in  watt*,  involves  as  a  multiplier  the  cosine  of  the  anslc 
of  hiK  betw.n  thr  t\v..  (lu.intiti.-.  it  mav  bf  -!u-wn  that  the  prmhict  of 
any  two  directed  quantities  or  vector>  niv..lve>  the  cosine  of  the  phase 
dirterence  expresse<l  as  an  anfjle  in  the  usual  way.  In  the  i)resent  case 
u'ld  ,1-  t.n.lniu,  p.  rhaps.  to  increase  the  mysterj-,  the  e.m.F.  induced  m 
tlir  lutor  conductors  is  |„r  the  same  maj^netic  flux  at  its  greatest  when  the 
n.tor  is  stationary,  for  then  the  lines  t..ice  ot  the  mtatini;  held  ol.viouslv 
cut  the  rotor  conductors  most  rapidly.  This  lar^e  k.m.f.  will  set  up  larne 
currents  in  a  short-circuited  rotor,  especially  of  the  squirrel-cane  t\  pe,  because 
(.f  it^  l..\v  n-.i-.t,nuf,  tliMimh  line  at:ain  thr  na.l.T  must  remember  that  it  is 
nnt  tin  .nipre>sed  K.M.r.  alone  (v<v  l-i.t;.  517.  Vol.  1.)  which  determiiies  the 
current    In  fact,  because  of  the  large  inductance  of  the  rotor,  relatively 

to  its  resistance,  the  angle  of  lai^  (tan-'  ^)  is  nearly         and  its 

impwlance  is  i;ii'at.  Now,  the 
is  nearly  in  the  ph.i-^f  uppii-itc  ti 

1< 

.^i  nd  ihe  riii  n  ut  tlimnuh  the  -t.itor  comhictors  is,  therefore,  nearly  fi )°  ni 
front  ct  thr  cuircut.  .uul  .111  .idiliti. .ual  Vult.^i'  has  to  be  provided  to 
couiUerl)alauce  the  hack  volts  caused  by  the  rotating  held,  which  ai  •\ 
opjjosite  phase  to  the  impressed  volts  on  the  rotor.  These  tw-^ 
volt.igrs  .lie  therefore  nearh-  in  plia-c  .ind  the  re-ult  uit  I'.n.  i  ■■ 
on  the  stator  is  therefore  leading  on  the  current  maily  <»o  ,  .gi  "c 
heavy  lagging  currents  already  mentioned  under  (i). 

Now  supp.)se  the  rotor  resistance  to  be  materially  increased,  say  t.i  ten 


stator  currt  nt,  .is  in  ,1  -t;itic  tran^tomiei , 
tli.it  "I  tlie  rutor  current,  .ind  the  ijiumtity 

loi  the  >t,itMr  ciieiiit.    Tiie  inipre-sed  voltage  required  to 


the  value  nt 


'—  ill  tJie  rotor  iiumediateK 


times  it.,  short-circuiti'd  \Mhie, 

drop>  to  one-tenth  its  previous  value,  and  the  lag  is  considerably 
reduced.  The  rotor  current  moves  nearer  in  phase  to  its  impressed  E.M.F., 
and  the  j'li.i-e  of  the  >tator  cuneiit  niove>  with  it,  but  not  so  far,  the 
small  le-ultaut  of  the  two,  which  is  appro.\iniately  the  inagueti>iii^  current, 
remaining  fairly  constant  and  unaltered  in  phase.  Tims  the  voltage  recpiired 
to  drive  the  current  tlirough  the  inductance  and  resistance  of  the  stator 
gets  out  of  stej)  with  the  back  volts,  due  to  the  rotating  field,  and  the 
rcsult.iiit  m1  the  two  -til, It  is,  the  I'.I>.  iiiipie»ed  on  the  -tator— is  more 
nearly  in  step  witli  the  >tator  current.  We  thus  get  less  lag  in  the  stator 
circ'iit-.  Further,  the  diminished  lag  of  the  rotor  current  has  increased 
111.  .  M~ine  the  aii.i;le  between  it  .iii.l  the  rotating;  field  flux  iiiueh  more 
than  the  amount  by  which  the  curieiit  itself  has  been  diinini-hed.  The 
product  of  the  three — i.e.  current,  held  thi.\,  and  cosine  oi  pha~e  dillerence 
-  uliieii  i-  i'i.>i".rth'ii,il  to  the  tnrque  is  therefore  increased,  and  we  have 
liiuilly  iiut  >'iily  a  diiiiiiii-lRd  lag  and  current  in  the  stator,  but  also  an 
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incrtavd  forqiu-  on  tlu'  rotur.  Tin-  lU^iioiistiation  by  wliidi  tlii--  if>nlt 
has  Wen  reachctl,  th<)iif;l»  soiiKwli.it  \<>\\ii,  sIiduIiI  lu*  cari'fiilly  stmlicd. 

\\V  now  see  the  reason  for  .itt.irlniiL;  >lip  rin^s  to  some  of  tlie  rotors 
(Fics.  r>4  to  jzM 
•It -crihrd  aliove.  Thi 
nutliod  nt  usiiit;  these 
ritiu>  ill  a  j;i\  t  n  rax'  is 
shown  diaLjiamniatically 
in  V\\:  74  ;,  in  which 
1  oiiiifit  mils  .lie  l.ikiil 
from  till'  .supply  mains 
thr<  uifili  appropriate  fnses 

1"  to  tlio  tli))!f  1)1 'Ir 
switcli  s,.  Imhiii  tins 
switch  till-  working  leads 
are  carried  directly  to 
the  terminals  of  the 
Plot. if  M,  All  fiuirfl\- 
distinct  set  of  Uad> 
starts  from  the  slip  rings 
r.  r,  r  of  tlu'  motor  to 
tlif  triple  .iriii  trijilia-e 
switch  Sj.  This  switcli 
has  connected  to  its 
studs  three  sets  of  re- 
si-t.iiii  i  -  K,,  K^.  and  K ,. 
tlieii'  being  five  stiid~ 
shown,  (»,  h,  c,  d.  c.  \<  x 
t-acli,  and  one  '•lip  iiiil; 
being  coiiiucttd  to  the 
l.ist  >tiid  of  each  set. 
When  the  switch  is  ro- 
tated, the  three  arms, 
Ihmiu  at  ,1  ti\.  (1  aiigiil.ir 
ili>taiKe  apart,  rest  npon 
corresponding  studs 
iimtiltaneoiisly,  and  as 
the  resistances  and  their 
sni  divisions  in  each  set 
aree<iual,  the  resistances  in  each  rotor  cin  nit  ivinaiii  .  qiKil  to  onr  aiioflier 
in  each  position  of  the  switch.  Tl„.  reM>tauff.  ot  the  Mvit.li  aiv  tlms 
si,ir-roniurt.'d.  the  comm. .n  ninctio,,  bring  at  the  hub  of  the  rotating  arms; 
these  arms  are  shown  m  the  starting  position  with  all  the  resistances  in 
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circuit.  As  tlif  motor  speeds  up.  tlie  resistances  are  remove*!  by  rotating 
tiic  anus  in  a  clorkui-.-  direction,  until  ini.i'.lv,  \\li>'n  tlu-y  ic-t  in>on  the 
studs  c,  all  till'  n--i-t,uuf~  are  nit  i>ut  .iml  tin'  nui;-  an-  slioitn muited 
through  the  switfh,  leads  and  1>ni-hfs.  Many  nintd-  ai.-  pr.  .\  idcd  with 
some  device  for  short-circuit inj,'  the  windings  internally,  and  at  this  stafjc 
this  device  is  brought  into  phiy  and  allows  the  brushes  to  be  lifted  off 

llir  --liii  riiiu;^.  tliu>  >avinu  thr  t  nrrL;y, 
wliirli  iithfiwiM'  would  he  l"-t  ni 
brush  friction. 

Sl.t)/!!!-^  iiid  ('oiitrnlliiiii  .S'i.  i'/t/its-. — 
1  11.  a.  tu.il  Mvitehes  and  resistances 
ni.Iiii  u:-ed   fur  intrciihu  inu  tin- 

ii  iliii^itc  re-istanic  into  the  rotnr  i  ir- 
I  nit  f.ill  into  two  <  liief  liasses  in  which 

tli.     n-i-taliie    Iliatirial    i~    d  niet.ll 

,in<l  111  li.|uid  V'  -\'v  tlM  h'.  in  the 
first  ca>e,  wire  or  uri.l  n -i~t;iiu  i  -  are 
usuallv  attached  to  the  >tud>  ul  a 
tlirei  -arm  swit<  h  such  as  is  >hown  in 
l  i-.  7.4  J,  whirh  t.iken  truni  >U' li 
a  switc  h  lunstru'ted  by  the  Hriti-li 
The >ni-on  -  Houston    Company.  By 

innv  iiiL;  till'  lianiil.'  lit  the  ~\\itcli  the 
.iiut.nt  Immr-.  >iiuultaneiiu~ly  jia^s 
over  the  studs  (if  the  electrically  dis- 
tinct >ets  of  re>i>taiu  es.  and  thu>  alter 
the  le-ist.im  e  of  each  cin  uit  simul- 

Fis.  ;t4--Siaiti!ii  Sviitch  for  Triphaso  Kifif.        taneini~i\     li\     njllal    .IlllnuntS.      1  he 

switch  illu-trated  is  intended  to  he 
uspd  in  the  rotor  circuits  of  motors  of  from  40  to  100  h.h.P.  The  loils, 
tlnn  tiTr.  have  ample  carrying  raparitv  tor  li.  avv  1  \irrent-,  and  the  pro- 
lei  tinj;  cover  is  pieri  nl  with  nmneroiis  holes  to  promote  ventilation  iid  to 
keep  the  coils  cool. 

A  rotor  starter  provided  with  automatic  rele;ise>.  desij;ned  li_\-  Mr. 
Cieor'.;e  IJIison,  of  Rirmins:liam,  is  shown  in  I'ii;.  745  with  tin'  protei  tinR 
cover  and  the  operatiim  handles  removed.  Tin-  operating;  liandir  proj.s  t-. 
thnui.ch  the  cover  and  rotates  the  three  arms,  wlm  h  by  their  position 
reiitilate  the  amount  of  resistance  in  circuit  as  already  explained.  Tlie 
Ci-iiv,.  -|;..\\.  ill,  a\l.'  ill  the  ■■  ott  ■■  po-itii'ii  with  the  r  itor  1  ii.  nits  brnkeii 
and  held  in  this  po-ition  li\  a  powertul  >piral  ^priui;.  In  >tartiii,u  the  motor 
the  switch  is  moved  slowly  ni  a  i  lui  ksvi>e  diiei  tion  over  the  variou-  i  cmtai  ts. 
reduciufi  the  resistance  on  the  rutorc  ircuits  step  by  step  until  it  is  all  removed 
and  the  rotor  short -circuiteil.    The  brushes  sweeping  over  the  resistance 
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Ntiiils  art-  t)c>lt.  1  .lir.'.Hy  to  tlu'  metal  of  the  rotating  arms.  In  addition  to 
oporatinf;  tiiii>  on  the  rotor  rin  uit-  tiie  >\vit(  li  ,i.  t-;  ;i>  ,i  m  nn  -witrh 
till-  •^t.ttor  .  in  nits.  Tlircc  insulati-d  .iuu'iili'  hm-ln  N  r.iiri.'il  on  the  ,iini-  >.| 
tin-  st.irii-r  .  '•iiiir  t  tin-  (Miit  r  tn  tlic  inner  rini;  -<  uin.  iit~ ;  tin-  supply  main- 
ii  joint  cl  to  the  nntcr  sc-ments  and  tin-  statur  Ka.U  to  tlu-  inm  r.  Hn- 
.wit.  h.  if  rfieast'd  on  any  of  its  stops,  will  Hy  bai  k  to  tlu-  "  off  "  p.>siti..n. 
I.nt  ,it  til.-  rn.i  .it  it-  in.ivi'ni.-nt  it  i>  hv  th.- .  at.  |i  -..-.•n  In-l.-w  tli.'  n..-v..it 
I.  I.  1-1   iii.i:;ii.  t.     iliiTf  .ir<"  two  antiiiiiati.   ri  icasc  coils,  nue  .\.  a  mrrfiit 

i.  i  -.11,  -  .  i.il  [ij  I.  .  .l  in  oiu>  <if  the  rotor  <  ir(  uits.  when  the  switch  is  full 
'■  uii."  If  thi^  roil  reci-ive  .•.vi  cssivc  <  iirrent,  its  phwiK.-r  is  attracted  and 
i<M.i.  ks  off  the  trip  wliii  h  is 

ii.  il.iin^'  the  swit.  h  in  tiic  run- 
luni;  p.i-iti.iti.  in  tiiis  <  a-.' 
tilt-  -wit.  h  tlies  to  the  "  off  " 
|i.i-iti.ni,  and  th<'  motor  stops 
.1-  till'  r.itor  aii.l  >tat.ir  i  ir- 
tiiit-  ar.'  all  l)r..kin.  'ili.' 
I  ,iti  li  .  an  a!-. I  Ik-  kiiockcil 
off  liy  the  core  of  the  n.. 
vi'lt.iL.'.'  11  1.,!-.'  luil  \'.  llii-' 

i'oll    I-    lili.i^r.l    airn--   two  .if 

t     I.  aij-  .it  the  -t.itor  .■iri  uit>. 

mil  it  it  loses  its  current  its 
.  i.ii'  f  ill-  ilown  and  the  c  at.  li 
|.  ill-  n-a-i'il  Ir.iin  the  -wit.  Ii 

nil,  witli  the  results  de-i  rii)eil 

il  i've.    To  stop  the  motor  in 

III  .  ni.-rueni  y  tiie  .-at.  ii  .-an 
III'  kni"  keil  of!  iiU'i  hanii  ,ill\' 
!.\    thr.iwini;    over    a  --niali 

i  111. II.'  on  the  outside  of  i!ie   

■   iViT.      The  circuit   of  V  c;  ,  745.— Ellwm  Autoniaiu:  tiiatict. 

t.ik.  n  tlir.iiii^h  a  mimII  iireak-.  ir.  mt  -wit' ii  in  any  convenient 
I  i-iti.in.  thus  ,i;ivin,t,'  "  remote  control  '  ■,()  lar  as  the  stopping  of  the 
ia"t.ir  is  I'oncerned. 

Ill''  pl.ii  in,;,'  of  the  .i\'.  ili.a,l  nlea-e  .111  a  P.tor  ,  in  nit  pr.i\i.l,  -  fur  the 
\.T\  iiii-ii)!,'  I  (iiitiimi  ni  y  .it  line  ol  the  main  fu.-.e>  hli.win^'.  In  tlii-  (  ase, 
liii  ni.itor  c.iul.l  .  niitimi'  til  nm  on  the  other  two  leads  with  an  iiKTeased 
!  tiir  current,  which  wcul.l  operate  the  .iM  rlnad  r..ii.r  rrl.'.i-,'.    It  tii.-  ..vi  i- 

.1.1  oil  were  on  the  >tator  circuit  it  w.ml.l  t.ir  thi>  .  a-.'  ha\  .'  to  he  adjii-ted 
t'l  work  with  an  ov.'rlna.l  «  urn  iit  too  little  above  the  normal  current  to  be 

nifi.rtahle  tor  ordiiuOA  rumiin,!,',  as  it  mijjht  f^ive  rive  to  Iretpient  un- 
i  '<'»ary  stoppages.    The  no-volt  coil,  though  acro>s  a  stator  phase, 
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would  not  optrate  in  tliis  i  ax',  as  tlu'  utlur  phaMS  would  supply  the  ncrts- 
sar\  voltaf^t  to  t  ntrnist;  it.  This  coil  is  intended  to  operate  only  if  the 
Ml(i|ilv  (  (ilil|ili  ti  ly  f.iils. 

Tli(  ri'  mic  i  .i~f  to  wliii  Ii  tlic  aliovt  .irraiiyt  nit  iit  t  .iiiiKit  l>i'  ajiplii'd. 
Ihis  i>  wlun  tiif  HKitor  itstli  is  j)rovi<U-d  witli  >,'tar  for  >hort  (inuitin^ 
the  slip  rinns  and  liftinK  the  brushes  (.siV  pages  735  and  jjf)).  In  such  a 
I  a-(  till-  overload  release  must  perforce  be  place<l  in  tme  of  tlie  stator 
<  ill  uits. 

An  ingenious  m(  tlio(l  of  (dii--tnii  tiiiti  a  >tartiii^;  roi^tani  e  lor  wound 
induction  motors  lias  been  devised  by  Mr.  H.  M.  Hobart.  The  re<iuire- 
ments  are  that  tlie  resistance  should  diminish  as  the  motor  speeds  up, 
.111(1  to  oht.lin  till-  r( -u!t  aiitoiii.itii  .md  witliout  .m\  iitoviiiL;  loiu.n  ts 
.Mr.  Hobart  utilixs  the  well-lvnown  '  >kin  "  iffect,  wliiili  is  more  ndly 
referreil  to  elsewhere.  If  solid  rtnls  be  used  as  conductors  for  alternate 
1  iirrciits  tlie  ohmic  resistance  of  such  rod<  is  f^n  iter  for  currents  of  high 
tli.in  for  those  of  low  frequency,  owinj^  to  the  iiiieciual  distribution  of  the 
current  t)Ver  tlie  c  ross-sci  tion  of  the  ni.iti  ri.il.  the  cllfct  is  an  iuilm  live 
one.  it  is  much  higher  in  iron  than  in  non-maKiu  tic  nu  t. '  .  E.xperinu  iiting 
with  iron  rtxls  i  inch  in  diameter  ami  14  feet  loni;,  it  was  found  that  the 
ri-i-f.ince,  inc  liidini;  contacts  and  lead-;,  im  rci-rd  from  o  (ioj  ;4  olmi  with 
( out iiuioii--  ciirri  iits  (o  1  vcli  <  |)it  -eminl)  to  i.ui^.s  oimi  (.liiout  7  tinier) 
witli  alt( mate  currents  .it  40  (  ycles  jier  sei  onil. 

Now  it  will  be  remembered  that  wlien  the  rotor  is  standing  still  the 
currents  induced  in  it  by  the  rota*  inn  *it'ld  have  the  same  jnriodicity  as 
the  latter,  '^ay  40  cycles  per  >((<iiid.  .\-.  lio\v(\er,  tlic  rotor  -i>ti(ls  up 
this  periodicity  diminishes  until  at  synchronou>  si)eed  it  would  vanish. 
S\nchronous  speed,  as  already  explained,  is  never  reache<l,  there  l)eing 
,il\v,ivs  -onie  "  slip  "  wliicli  dt  tt  rmines  the  fri  ([ui  nr\-  of  tlie  induced  (  urrents. 
l  liu^  with  .1  3  per  c  ent.  --lip  the  above  freipu  iii  y  would  be  reiluciil  to  2  i  ycles 
per  second,  at  whit  li  periodicity  the  "  skin  "  ettect  would  jirai  tit  <iily  v.inish. 
The  results  of  Mr.  Hobart's  experiments  sht>wed  that  with  properly  dimen- 
sioned iron  starting,'  resistances  the  requisite  conditions  for  an  automatic 
starter  could  be  olitaiiK<l. 

\  liquid  resi>taiice  pattern  ol  startinj^  switch  lor  rotor  circuits  is  illus- 
trated in  V\\i.  74<),  which  represents  a  complete  liquid  starter  and  con- 
trolli  r  ni.niut.n  turcil  bv  Mr-- r-.  Allm  \Vi'-t  and  Co.,  I.imitcd.  of  l-Sri^iitoii, 
tor  use  uiuU  r  the  -r\rrc  idudition-  wlii(  li  h.iw  to  be  >.iti>lie(l  for 

haul.if^e  work  in  lu  r\  <  o,d  niine-,  i  -pt  c  i,dly  in  dre.it  l!rit,iin.  The  i  iiiet 
advantage  of  a  liipiid  >t.irter  under  such  i  onditions  is  that  ni  the  removal 
of  the  resist, nice  from  the  rotor  circuit  by  diminisiiing  tlie  distance  between 
tin-  I  !■  I  troiK-  tin  re  1-  iio  d.'.iiLicr  ol  -p. irk-,  whi'  li  iiiiu;ht  -t.irt  .m  i  \iilo>ion  ; 
sucli  sp,irk>  ni.iy,  ol  inur-.e,  01 .  ur  in  the  switch  illu-tr.ited  in  big.  74;, 
for  solid  resistances  as  the  sliding  contact  fingers  pass  from  one  block  to 
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tlic  next.  A  fiirtlu  r  ,i'l\-.m;.i-r  that  wlicii  <  ari'tiilly  ilc-i;;iu'(l  to  ,t,(h,1 
certain  i  uiitinf^cnrii  ^  wiii.  li  will  !),■  rffom-d  to  prt-sently  tho  removal  of 
tlu-  roMstance  can  1h'  made  ijradually  and  not  in  Middon  ji  ikv  a>  \\li.  n  ,, 
sfifion  of  solid  conductor  is  stidilcnly  ri'niovi'd.  lim-  the  ii,.m 
"  irrcjiniL;  "  tn  '  full  "  (  iii  l„.  m.  n  a>«l  tjuitt'  I'Vi-nlv,  and  all  un!U'ci»ary 
strains  nn  tlic  I'limpnu  nt  avoided. 

In  Fii,'.  74<)  tlu'  wliolc  apparatus  is  operate  I  hv  tlit-  liand-wlici  l  h. 
wlii'h,  wlicii  moved  in  one  diie.  tion  or  tiie  other,  tir^t  iln-e-  one  onlv  of 
iIr  oil  >\Mlclie>,  M,  c'l  M.,  -hown  on  till'  lett-haii  l  ^ido.     Ill      arc  '  main  " 


'■r  stator  ;-\vitelie~,  and  two  s\vit(  lu>s  are  iiistalle<l  ililtei-'iitK'  (  omie.  ted, 
that  till-  motor  can  be  started  in  cither  direction  at  will.  It  has 
been  explained  elsewhere  that  if  the  connections  to  one  of  the  ])haM>s 
lie  Vi'Versi'l,  the  revolving;  tield.  and  tiieret'iie  the  ii'tni,  will  i.itale 
111  the  iippo..ite  ilirei'tion.  I'lie  ^witehe--  nsed  ale  oil  >witihe^  (mi'  passes 
ti'  the  nil  tanks  ln'iiK'  e.i^ily  lowered,  as  >liown  iiy  workinK  the 

-mall  hand  wheel  on  the  -wii.h.    Tiiey  ari'  lieav'ly  insnlated,  ami  cm 
i"  worked  with  pressure^  wy  tn  ()  (io()  volts,  the  <  .ihle-  li.r  lines  and  -t ator 
hrniii^ht  through  the  sides  of  the  toj)  ea-tiiiL;^  to  teuiiinaN  dn..  tiv 
under  the  top  removable  cover.    Until  one  of  these  swltl.he^  is  cluscil  home 
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the  liquid  resistance^i  which  are  at  tht  ir  niaxiniiim  v.ihic  and  in  tlu-  rotor 
circuits  cannot  be  altered  from  the  ^t  .itiiiL;  |M,-iti,,ii. 

I  111-  liirtlii  i  nil.itHHi  ot  til'.'  li.iiul- 
wlio  l  II  iiiim  Ii. mil  ally  reduces  tlic 
lii|uid  rc--i»tanc  i'  in  each  rotor  ( iri  iiit 
>iniult  aiU'ou^Iv  low'crin^^  the  U]»j>«'r 
electrodes.  ihr  rr-i-t.iin  r  li<|iiii|  i-. 
contained  in  .1  tank  r,  inouutcd  over 
three  chamb«'rs  i-  c,  made  of  fjla/ed 
eaitlp  ::\v.i!r.  .1  imii-.  ( .ndiii  tinu  lu.iti  ri.il. 
Oil'-  ol  ilii  -r  i»  ill  \i  rtii  .il  I  ri>~~- 

»ection  ill  Iml;.  74;,  in  which  r  i-  the 
upper  tank  and  /,  t  ,  llic  lowir  c  haniber> 
for  one  of  the  remittances.  TIic  outer 
aiiKiil.ir  space  ,1  ii  i-  rl.,-,-,]  1,\  ,,  nut.il 
<liM  11,  wliidi  carrie>  ateriiiiiial  l.ir  con- 
necting the  resistance  to  one  of  the 
linishe-  of  tlic  shp  riiiL;-.  Iii-idr  tlir 
inner  (  haiiiln-r  /_,  aie  iln-  li.\\(  i  (ii\<  il) 
ami  iijiper  (mnN  ahli  |  electrode- ,  ,  .ni  l  <  . 
rusjHctivcly.  The  cast-iron  electrode 
l  i.  74-   s.cii  ,     I  ,  ik  f  i.i|>,,.!  si.iri. .      ''j       carried  hv  the  rod  r,,  wliii  li. 

passing  thi<niL;li  tlie  top  (if  tlie  tank. 
(I'if^.    74t>).    which   al>o    carrier  the 


s-head  // 


is   attached    to   a  cro 
siniilir  rods       and  r,  of  the  other  two  chambers,  and  therefore  i~ 
el. .  trie        the  II.  utral  point  of  tlie  three-phase  resistances,  thout;h  the 

liipii'l  in  tile  upper  tank  .  . 

also  ac  ts  a-  a  neutral  con- 
nector.     As    the  upper 
I'istoii^       (I-ii;.  747)  are 
llloM  il   d.  v  II    the  re-i-t 
aiiee    between    the  elei 
trodes  is  diminished  tintil 
the    iijijier    ami  lowii 
collie  into  metallic  ((ill 
tact,   when    it    i-  alt" 
nether  ri-niovfd  and  thi 
slip    rini;s     ;ire     short - 

H  i  uited  e\i  i  j'l  |i  '1'  t  he 
re-istaiice  nl  the  cun- 
nectiiit;  cables. 

One  of  the  dithculties  to  be  guanled  against  in  designing  liquid  resist- 
ances is  the  accumulation  of  electrolytic  gas  in  the  space  between  the  elec- 
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S/fOKT  CiKcr/ri.\r.  Avn  /inrs/t  Irhr/yr. 

ir.xlf*  ,w  fh,'  ].r,-,  :.,v  ut  su.  li  i;,,s  in. t.-.im  s  tl..'  r.  M^t.iiu  r  hctw.-u  tl.r 
.■I.rtiu,!.-,  ,,n.l  bv  Its  intmnitt.-nt  .s.a,M-  rnis*.^  tliN  r.M.t.in.-,.  to  v..iv 
!.v  jiTk-  witliin  wliat  may  snnirtinu-^  In         Iimu-.    n,,.  ,i,tn.  nli\     ..v,  r 
r..m,-.  in  th.-.l,>it;n  imw  hrin^  .I.-,  ril...,l,  |,v      ,      ,,11  ,,no  in.nt-  |,.,  .  mmm- 

V.V-  til.-  .  in  nl.if...,,  .,,1.1  -iniuli  in,  ..u^lv  tl„  1,,,:;  ,.t  the  dirtmlvtr.  The 

..■•  lin^  1^  .  II.  .  tnl  l,y  tl..'  .ir.  ul,.ti..ii  ol  .....liiii;  w.tt.r  in  the  piiM  ^  (I-i... 
r4,-i.  "iM.h  ..r.'  showt>  s..,.ar..f,Iv  in  Fin.  y^S.  ,,„.!  rnn  thn-ugl.  ti.r  ulmle 
irniith  o(  tlu-  »j,,vr  t,.nk.  11,,  ..l„„i,  .„  ,  ^  „  l,.  .,t  |.....l«rprl  Mvvirn  the 
•  I-.  tr.«  ...  an.!  (]•,:;.  -.^~)  ,v,,rn.>  tiio  .I,,  tr..lvt.-  thm-.  and  this 
u,,rni.,l  li.pn.l  ,1,„,„J,  passages  in  r,  to  nearly  the  top  ol  the 

l.it:;.'  I. ink.  >nniilt.inc.iu»ly 
the  h(pii<l  cooled  bv  .he 
i'ij.'^  aii.l  cnntaini.l  in  tli, 
~|'..' .■  /> />  ll.iws  ili.wnw.ir.l 
'-'■■n^li  th.-  atniul.ir  sji.t.' 
(  /  Ik  twti  ii  the  two  eartiien- 
u.irc  .  Iiainlwrs,  .ind  tlun  up- 

"■■I'l    into   111.'   .1.  tU.'   -.ji.i,  ,■  V 

!>.  t\\..  ii  till-  twi.  clc.  tii..li^ 
tl:r..il;;li  Jtas-iai-f-  in  c,.  The 

■  11.  ul.iti..n  <i|  till'  \\l:.il.-  ,,| 
'I;-  li.iui'l  i-  cn-m.^i      .  .n.- 

■  :'!v  I'l.i.  .'^1  b.illl,'  y\  ,;, 

In  ion.  liibion,  it  shoul.l  In- 
iiitntitmed  tfiat  In-  a  simple 
-\'-tiin  of  int.  i!..'  IsIhl;  it  i- 
f.  oj.rii  the  m.iiii 
-wit.  h  M  until  tl,.'  whole  oi 
tli.'  ri'si^taiue  lias  been  r.  ni- 
rt.'.l  in  tile  rotoi  .  ir.iiit. 

I  li.  li.|iii'l  n-.'.|  in       I,  a 
t.iitir  i>  ii-u.illy  a  \v,  ak  .-olu- 
:  .n  of  alkali,  the  drawbaik 
!  ulii.  li  i-  it<  li.ii.ilitv  t-  l.^nii  in.  i  n-t,,ti..n-.    An  ..It.  rn, .live  is  a  weak 
nm..n  „1  >ulphnii.'  a.i.l.  but  11  tins  be  ust.l  .,„.,ial  i-re.a.itions  mns* 
t.ik.  n  to  prevent  it  acting  on  any  metal  with  which  it  rnav  cm..  int.> 
.  "lit. let. 

Slwrt-drciiitiu-'  and  lir.Miahr^  Dr.-iu:..  -Wliat.-Ver  tvpe  ut  >t,.ninq 
i.-i-t,,n. .'  be  11-,  I,  til.'  .l,.,;  t-  m  mtiiit:  .levi.  e  for  rmininf,'  uii.ler  hind  sh.mld 

 '         ni'"  hine  it^dl,  .so  that  the  re'»i>tan.  e  of  the  l.  a.l-  ^l„.ul.l  be 

•  lit  out,  and  when  the  short-circnitins  is  conipl,  t.  .!  the  Imi-h.-,  -.l,.,nl.l  be 
!t.  .|  ..It  th.'  -hj.  rin^,  V,,  as  |,,  Jimm.it.  th.  n  iii.  tion. 
.Many  mi^eiuous  .l,  vi..es  have  been  deMgne.l  tu  atcomi.Ii^h  tlK':.e  two 
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,1  (.„wi,r.l<  II,.-  .lt«- oliM.  i.  m..u,it"l      ^'  -l"  "  '""I  "" 

,|„  1,.M»..„   ...  tU.-  I.umv.  ^lil'  "V"  "•"'7'  ■  ; 

'''  »  t.i    tlir   rc>lH't  tlVf    bft>  ol 

tliu>  !-lii>rt  i  11  iiit- 
iiiu    till  111.     Ucl"!'    '  'I'-i 
\>Ul^  r<  1 1  an-  .li  iM  ii  tiuiti 
lioiiu'.  but  after  tin-  ••lii>rt 
(  in  nil  i-  lullv  ' -t  .iMi-ln  ■!. 
a    pill    Z'.  i.iriii'il  '1'- 
lyliivni"  '  .  iii;;;i,i;'  \^''li 
tilt-  bru>h-liitinj;  >  a>tii»K 
wliirli  is  rotatol  slii;litlv. 
.111,1  l.\  ,1  -\-itiii  I'l  liiil^- 
lill-  all  tlu'  l>ru>lii>  <'ll  ll,'- 
-lip  rintis  by  iiu  au>  nt  iii-u- 
lat,  •!  '  '  •  ^vln,  ii  p.i-- 

iiiicii-r  till'  tlnii-  l>ni~h  arm- 
in  fa<h  cast'. 

ria'  arraiif^inifnt  um(1 
by  till'  British  lliuinson- 
Houston  Companv  for  short-iircuitini,'  the  bruslus  wlun  all  tlu  M.ntinL; 
n  M^t.m.  r  h...  InVn  taken  .mt  is  shuwn  in  Fig.  75«>-  »' 
l,,„„ll,.  ^.luh  pn.jerts  from  th.  eml  of  the  shaft,  the  three  eonta.  i  d.i>s. 
whi.  h  ran  hv  dearlv  nia.l.'  <iiit  in  the  ti.mire.  ilij^.ii^e  with  tlu.r  i...,t  t>, 
eac  h  of  which  is  conneite.1  to  one  of  the  slip  rini^s.  win-  h  aiv  tlnw  -l.oi  t. 
cin  uited.  To  this  is  adde.l,  when  required,  a  device,  not  shown,  lor  iittiiiL; 
the  bru>li.  s  utt  tlu  rin-  bv  pushing  in  the  handle  still  farther  alter  the 
short-circuiting  i>  conipletetl.  ■,    ,  , 

Automatic  Slartint;  Punch.— ]W  uMnt;  contactors,  as  d.scnlud  later 
in  tiic  traction  Mction,  wound  induction  motors  can  be  started  by 
M.uply  clo-,nig  a  >wit.  li  m  a  separate  controlling  circuit.  The  necessary 
panels  have  been  standardised,  the  methods  being  similar  tu  those  used 
in  the  traction  section. 
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■oton     8p«d«l  C<mttraetioii.-In  s.,  ti..ii  (5)  ..f  ti,,  -.  i,..iiiir 

j;iv,  .,  n„  .  71;  an.1  7l^  tl,.  n  hn.  tiv  in-li.  ..t.'.l  v..riM„s  n„tl„,.u 
.1  ni..>litTiM:;  tlH'  ...n^t^^<•ti..^  ni  |m.1v|.i,.,m-  n-.lu.  ti..ii  motor  «.tl,  tl,,- 
ol.j.  .t  ot  -.  .  urin«  thcKr.Mt  a.lv..iit..f,v  of  Inin-  ;.M.-  to  start  thr  motor 
l.y  dimply  swit.hmf;  it  on  to  tho  lull  voli,,:;,.  tin  m,|.|.Iv  m.  h,,.  n„- 
s.  l„-,Inl,.  IS  not  rxliaustiw.  but  a.  tu.,1  n.,,.  in.i. „,„„  .,|  tl„  ,„  „|  1 

'""-"'i't,-,l  |.,r  ,    h  .,t  ih,         „„,|„„N  V,.  m,|i,,„..,| 
lunlu,t..n..t.ly  spa..   «,!!  „ot  allow  u>  to  ^.w  .[.  tail,  and  lllu^t t .,t ,. 
of  tlu-  mariun.  s  l.uilt.  tl.o„«h  th.-..-  ,|,  t  liK  af  full  of  int.  r.  m  l.,,tl,  i,,.,,. 
tlu-  i.ra.  tual  an.l  tl..-  th.o,v,i.  ,1  p.M„t.  ,  i  vi.  w.    l-or  th.-m  tlu-  student 
'•Inmld  .oMsult  special  tr.atiM>  ..a  th,  -ul.jnt. 

.>n.  .  xample.  liow.  viT.  of  a  ina.  riiiu'  built  with  a  siKcial  automatic 
tl.Mi  e  sotmwhat  simi- 
lar to.  but  n()t  th«-  same 
.1-      tliat      ^pfi  ill. 
llUlltio.inl    ill    (5)  (,/)^ 

we  give  a  brief  de- 
siriptiou  of  an  in{;o- 
nious    mcHlitiration  of 

ilii-  (  omui  til. 11-  of  tlic 
uiuiliiij:  of  till-  rotor, 
1  iinil)iiu-<l  with  a  ccntri- 
liiu.il  starting 

Mr~i-|l((I  1>\  .M(->rs. 
I'.Ml.  r   I'crMcs  ail.l  (  (.. 

I  111     machiuf.    w '  1. 

^liown  in  V\v.  751 
\>.  ;tl.  the  sfartiii;,'  dc\  i.  f 
um  'ivt-rt-il.  has  a  i.itor 
wimn.l  with  four  con- 

.ln.t,,r,p,.r.l.  wlu  nth,.  1.  u,n,i,n,.ari. -oc.n,ni-,-,od 

>lMt  til..  ,  ,„,,  „,  „.  OIK  .1  till  M  ului  tor-  i,  ilnv.  till  oppo>,tdv  to  tin  ,  ur- 

iM)t  inll.i  oil,  rthn  r.  This  opp.Mtc  curn-nt  .  an.vl- the  .  H.-.  t  ..1  an.  MHiv  i- 
Icnt  .nrrcnt  m  tlu-  tlin-e  comhut. uitl,  the  n~ult  tl,  :t  ti.  .,.„!,„  tor. 
■  ..rrvin.  th,  mutuallv.  amvlli,,,- ,  „n.  nt- ,„  t  a.  a  .1.  a,l  r.  MMa.u  c  to  nu  r.  a.o 
•  .  i.  M-tan,  ,.  ol  ,1„.  „„,,.  MM.allydonc  bv  UMn^  air  .-xt.-rn.il 

-.M  .VM-tan.c..     llK-rotoi  i.  tl,u~  ahl.-  to  ~t:,rt  uml'i  ,  l„ni,,,„i  ,  „rr,„t 
u.th  a  startmi-  tor.,,,,-  cq,,.,!  to      ,„■,■., m.  ,  t  tl.r  l„lM,,.„i  „,„,,„, 

A.  the  I-., tor  -p..,.,is  up  the  ,.„iniu.,,l  .Kv,,,-  ,,„  ,„,  e,„l  of  ,1... 

M.att  ,n  ]■■;,.,         a,t,  whc.  a  ik-lnnt.  >p..,.,l  U.i,  ,|„,„,  „ 

■li  pi-  U-,1  on  a  lar-iT  seal.-  airl  in  greati-r  -li-tail  in  l-i--.  -3  -  .-,,1^!  ■  of 
th.-e,         -sj  slii,w>  tiR-  po-iti..n  at  -t.iru.i.  a,..l  uhm'tl,.-  .ot', „' :i:!' , „„. 


f'u.  7^l,«-Ilrui;e  I'mI  I.-,  Met 


It  \ul..lii..n..  C.  I.mfi.^.ii  M..rn:r. 


iiing  below  the  sped  at  wlmli  the 


ileviLe  aUs,  aiui  Ik 


75J  diows  the 


.V.i.v 


nuiniii,  j.-i  'I.  ii  Ih  i  -| .  r.  Ill'-  li'.t\y  llxk  it  il'i^.  7^J^  is 
h.M  .main-t  ti-  it.  l.v  ilu-  pull  •  t  tl,-  -j'tm-  ■  \\i;i'li  ■  .m  !'»• 
stt  nji  t"  lioM  111.-  .'\<'<K  m  i"i-ititin  tiniii  tli.  i"  r,l  ,itt.iiii-i  .1  tfrt.iiii 
<\v\yi  !  y.\h\<\    At  tlii-    i-f.l  tf     l>|..rk  ii.  wl'i'liis  |>la<  fi!  craTitrit  allv, 

111,.      ,,..|      ,-,tlll~t  til.'    ,    .11    I';  !m!       '  I'M  i;;, Ml     -'luWIl    ill     Ti.:.    '  \), 

tliil'  .i.i-iiu;  til  it, I.  In  ,it  '  .111.1   -ii  :  t-.  11,  iiitin.^  (!  ■    s\iiv:Tic>   .i.  'Ik' 

rotor,  whii  li  tin  II  run-  ,i»  ,in  or.linary  -|tiirri'l-'  >^i'  mt  r.  i  ■.  '  v  4 
ilown  r]f  tniit.ii  t-  it  f  AY'-  tii>t'H('i|  at  .«  1  i-rt  liii  simtiI,  aii'l  io>c  ,i(  ,  <  j,,-  ' 
nMi|\  I'  r  ii  >t.irtiii  ' 

Ihe  cllfi  t  n|  ilii-  Mm  .ai,.'  1  Ip,",;!  111  tlir  ,iim--  1  I'iu.  75.4 
wllirll  arc  t.ik  11  Ip^iii  .1  j>     11. 1',  11  '       n,.i  tu  phi      '       ■  ;'!!:- 


5,-.o.o.!' 

1-!,-.  1, 

I'.i^  -wit.  , 
the  -li;'  1; 
t!it'  a-iMi:!; 
!ir\,'  v.h; 


\-i  Ir  -llpplv  1  if.  MIT 

1  niiii.~|ii>  >j, 
iMil  in  till-  Nt.it. >v 
'  till'  I  iirvi'  \  A 
•n  tli.'t  th-,  p 
:  li,    -li'  ,rt-t  ir,  uiti  1 


lii. 
•  :iN|l.il 

hmt-'ii 

11  .: 

hil-i 


TIk'  lllll-l.i.i' 1  ti'i  pie  In  JO't  ki 

t'M'jui-  ot      kiloL;! \ii!mu'-!iu  tri-N 

kii' '.;iMiniiic-iiutr'  .  ' '1'  7  I  [M  r  1 

.lU'l  1>  II  •  till-   -I.il'il"  I  Ulli 

till'  full  Iii.ii!  rinifnt  li.'in^;  al).  n 
of  54  aiyi  iTi'N.  or  i.-.  .n  iy  [o  juri  rut.  iii-.' 
ahno-t  t'-v  -  tly  c'lu.il       tull-!".i  1  can 


\  A 
stai 

...  1 


.iulit 
Nt.trt- 
prt-it'iit 
urvf  on 
torijue 

:-  niu'lc. 

Nt.u  tin.; 
■  irijui',  14 
ui'Vi  N  r  ( 


■11  1  1;  i;  ri  Ni>t.'i  tivt'ly, 
.lu-Na  startiii.t;  furrt-nt 
luws  a  starting  current 
iu'se  curves  arc  for  the 


S  A-.-. 


M.  llh 

i   II-  '        '  1-  M.i  !• 
•■"1'  .,  ill.-  ,!  .  ,it  .'v  p.  r 

•-    '  "i'T.lt.  .1    tt  ,  t. 

"'   •  ■    \  A   .Ulil   1  •        .j..  ,  ti-> ,  iv 

I"'      -    ".  I  fiir  i.iit.  r  .'T-s  t, 
'■"iiit  ''  '•  (-lt|i     j.,  r     lit.,  -pi  ,-,!  i.\  •  |, 
tliriiwii  ,,V(  r  ti.  till-  ••  nil  ~!i  "  [ 
ni.  nt.irilv  ri^r  u,  w,  II  ..wr  tlif  lull ! 


!  I  ■      t.ll  t.  ; 

:t  ■        l:  !1 


Wll.  II  f|),> 

•lit  r,ii'i,llv 


Position  of  Slip  Ring-s.    l\\n  p.K,ti.,n.  nv  j,,,  -i)  !.-  ■  >, 

the  otluT  outM.U-  tlir  iH.irin-   !v,n..t,.  tr-ni   tl,,-         ,   ,,,1      l  !„.  ,'.r  t 
ii.<.-....,t,-  th..  l,-n;;thfni.-  ,,t  .1.    !-.-•, -I,,,,-    „„!  ..1  ,|„.  i,„v,,.n 

"""^  hraritm-.  .....1  tl,M-  V     k-n-  ih..  -halt  i„  fuimiin,  mo-t 

nup.T.,mt  lun.fonnf  .amin:^  t!,.  u ,  ;      ..|  tli.MVf.r.    ■  .„  tl,r  ,„|.,-,- ), 
111.'  -i.p  rm^<  arr  ,„     mur.-  ,.p.t,-,  t.     i-,Hti,.„.  an.l  tl,  n„rrti,.,„  „,  ,1,.- 

'  'i-  .j, ,  i,,„  „„,„^, 

l-llow-lMlt.    11  i,l,,r.-,l,,MtM,|,-  !l,r  !,.,nn^iI„Ti!,i,-a.,.|  l,n,-lu-      -  nior,. 
'M,-Mh!...  h„t  nrf        m.>r,'  ,.vp,>.;.-,!      injnrv.  an  !  .ImnM  i„- 
■1'  -  Mi  '-aiH  an.l  CNvrin.-.  uhM,  .•..„  1„-  r..-.....N,-.l  ,-r  .,,..,„..!  „,,  ,,|,,„ 
^cv.,^iry.   r]u-wvit;htt.,h,.,-a,M.-,l  .  ,n-!,l.  tl,,-  h.v.nn^  i .  m.uH  ati.l  th.  n- 
1  r.'  ..f  no  cun-.qucnc.%  but  th,  r..  is  the  disa.lvaiitd^.-  m  ih.'  h,,I!,AV  .It 
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lit.    rm:  wokkim,  of  roLYPiiAsi:  i\nrcTi(iN  motok= 

In  tlio  workiiii;  u(  i>iilyj>lia<e  iiuluttioii  motnrs  si-vinil  iiitcro'tiiij;  prol)- 
lems  arisf.  In  tlif  pnccdin;,'  Sfctidii  on  "  starting,"  reference  ha*  lH*en 
ni.i'lr  t"  mrtliii.l-;  (if  inipn iviiiL;  tin-  >t.irtiiK;  tonjue  so  a-  to  tii.iMc  the 
nii'i^r-  til  >tart  iiiiilfr  load.  I  lir  nintur  hriii,:,'  snpirnxMl  -tarti  il.  another 
iniji  irt.int  iir.K  tiral  enquiry  is  a^  tn  thi'  inetiii"!-  nl  >y^-vA  luntinl  avail- 
al)U',  and  their  advantages  and  disadvanta,i,'es.  and  also  as  to  the  variations 
of  the  tonpie  when  runnini,'  nndt  r  load  at  different  speeds. 

Relations  Between  Torque  and  Speed.  I'.>  f  ni  d.  -dins  ^vith  tiie 
subject  of  spied  lontrol,  a  few  furthir  remarks  com  crninL;  the  relations 
Intween  the  nie<hanical  and  electrical  ipiantities  involved  will  teiul  to 
display  sonii  iutt  rc-tini:  jin  iiliarilii  -  of  this  typi-  of  nintor. 

The  niecliaiiical  iiiiantitu-^  u  itli  w  hich  we  aii-  conceiiird  aic  the  i  Iti- 
ciency,  the  power  (b.h.p.).  and  its  constituent  elciuint^  t'lnim  and  ^imd, 

wliil>t  the  eliTtrical  data 
are  given  by  the  amperes, 
till-  \'iih-,  thi-  jiiiwer  l.tctm, 
and  till-  perioilicity  from 
which  the  speeil  of  rotation 
of  the  ticld  and  the  slip  can 
W  calculated  when  tin 
iiunilHT  of  poles  is  known. 

An  ini{K)rtai»t  connection 
is  that  lx»tween  torque  and 
x"    ^I'lrd,  wlu'U  the  rc^i-tanci- 

li„      .  -\|.  ,  •„,,,:  ..!  C.r,.  t  ;..!:      t  .it,  1:,.-.^         M..!  .:.  "t   H'C   fotor  ClICUit>  js  kejlt 

constant.    This  connection 
is  li\-  l>r.  S.  I'.  Tliiini|)-' lU  in  tin  ci 'lit iniii hi-  ciii\r  in  l-'i.;. -53  *  m 

wliicli  tlif  liun/iiut.il  al)-ci--,i  irjui  -ciil  -|  rnU  nica-unil  Imni  lelt  to  rii^ht 
in  the  n-na!  way.  and  tin-  \irtu\d  mdmato  rfpre-mt  the  correspondiui; 
torques.  The  curve  slin\*>  that  slailiu;;  lioni  re.-t  the  torque  o /,,  wliiili 
is  at  first  small,  rises  as  the  iiintor  accelerate-,  until  it  reaches  a  maxinnnn 
\ahu.  atur  whicli.  it  lii.,liir  -.|nc(l  In-  rniuind,  it  1 .111  i.nly  In-  ulitaiiKd  by 
s.HiilicniL:  the  turqnc,  wliidi  lapidly  diniini^lie-  until  u  siiik>  to  zem  al 
till  jMiint  where  tlie  speiil  n^e^  to  that  of  the  rotating  field.  At  this  jK>int 
it  i>  eviiUiit  th.it  there  can  W  no  torque,  as  there  will  Ih.'  ndtJier  E.M.F.s 
nor  ciiru'.it-  in  tlie  inti't'  liiciiii-. 

On  tin  I'tliii  li.iiiil.  it  when  tin  ni^tiir  i-  nmiiiiu  at  the  >peed  corre- 
«pondini;  to  the  maxiiinnu  tm^im  the  ioaal  be  altered  and  the  torque  su<l- 
dtnly  decroa>ed.  the  motor  will  speed  up  and  thus  the  ideal  speed  contrul 
is  not  attained. 

*  1  iMiii  '•  l.K  . 'nc    i;ii  1:1-. 


CltAHACTEKlSTlC  Cfxr/s  -,, 

The  (l"tt<<.l  cunv  iK'twtvii      and  x  the  lUoct  nt  incna-iiif;  tlio 

resistamv  •■l  thr  i..tor  cmnit.  The  -tartin^  torque  is  iniisuhralilv 
incri-as«l  (in  thv  ia-<'  ,t;ivt'ii  it  is  ilnuM,il),  ami  tlit-  curve  rises  to  tlie  same 
maximum  as  Ix-fore  ;  hut  this  maximum  Dcciirs  at  a  lower  spe-.d.  ami  fliero- 
toro  th.'  i.MWtT  .■bl.iiiiaMc  is  ilmiini-hnl.  j'.v  irniMviii^'  tlir  a.lili.i  n  -iM- 
amc,  wliii  i  ini.ht  \h-  il"iu'  when  the  ni.iMiiniin  timjuc  ha>  heen  obtained, 
the  -jxid  n  1),  inerea-.d  without  (Hnnnuti..u  of  torque,  and  this  process 
can  he  contnnied  until  the  rotor  resistance  has  been  reduced  to  the  lowest 
possible  value  bv  tlie  o  k  beini;  ■ihort-ciicnited. 

It  '>  '.'  '"•  'li''  -piril  ,it  any  time,  tli.-  diiinmir  lutwivii  it  and  ox, 
th'^  -vpi  hroaou-  -pt  cd,  i^ives  the  >lip  n  \,  and  tlicielore,  by  measuring 


I 


!l.t   !■  oil  the  iiiiAfs  -ives  tile  con- 
\  the  slip,  which  plays  a  rather 


backwan's  fnini  x  f^iward-  o,  anv  1 
lUTtioii  liftwi'cu  PC)  the  toniue  ,111. : 
i'rominent  part  in  the  theory  ol  the  nuluction  m('tor. 

The  complete  mechanical  characteristic  of  an  induction  motor  sli..xMnq 
the  eoniurtion  between  -p.rd  (.,r  -lip)  and  t..i,!m-  Imvii  l;iv,  u  by  Stein- 
inelz,  \\ho>e  curve  is  reproduced  la  Fi-.  756.  In  this  diagram  r  r'  is 
the  zero  line  for  torque,  all  values  above  that  line  beini;  positive  .md  all 
below  negative.  Also  s  s'  is  the  zero  lim-  (,„■  ,p,.,.d.  all  v.ihir,  .4  xvhi.h, 
measured  to  the  riKht  from  s  s',  are  po^fiv  that  i-,  are  m  the  direction 
'f  the  rotation  of  the  tield— ,ind  all  values  to  the  left  of  s  s'  are  negative, 
and  signify  tliat  the  rotor  is  rotating  in  the  dir«jctit»n  opptisite  tu  that 
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of  the  fu'ld  Wlien  l«.t!i  tMr-nu'  and  >Jkv(1  ar.'  i...-itivr  t',.  :r  pi.  ,ln.  i  i- 
P  -itivr  an,l  tlir  in.idiin.'  i<  actiui,'  a  motor  ah^urbmu  iKctiu.il  poUL-r. 
au,l  ^iv.u-  out  nu.hiir.r.i!  p-^.r.  Hnt  wl.vi  -m-  of  tla-.>  .luaut.tios  is 
m-L,'ative  au.l  tho  -.tluT  p-.tuv.  th-'ir  p..Mln.-t  i.  r„-^atuv.  a,..!  the  ,na.  l,nu- 
is  acting  as  a  goiuTator,  ab^oibinu  nuchankal  pow.i  au.l  puiupni^  .  ,  lu  al 
power  back  into  tlif  main-. 

The  p^mit  (.  UKuk-  the  ,vuehi..u.  ..l  at  \Nhieh  the  liel.l  aiul  the 

rotor  .le  rotatu,-  with  the  -a.ne  an.ula,  velootv.    The  ^pare  betxvmt  O 
au.l  11  H  tlio  unlinan-  wrki:.,  i-.i-u  -.   the  luof.r.  ati.l  <■•  •'•v.-l- 
X,,  HI  l-i    -t5;  the  curve  ;«"»;'(>  i-  h.ie  MiuiLir  I.,  the  curve  ^  f  x  ol 
the  pivvi.Mi^'ut^ure.    If,  h..w,--er.  the  mot..r  be  me.-hauicallv  dnvcu  above 
th.'  ^Muhn.nou.  >pe.-,l       l!,,it  th,  !  i~  ->.ark.-.l  oil  t..  the  rejit  ..t  o, 

th-u  itie  t..r.iu.'  revetM-^.  a-  -lioxxu  by  th.  luuv  a,i  .!  tie'  in.rhuie 

niu^  a^  a  aerator.  Mipplviui;  l>.-\ver  to  tlie  uiaiu>.  Al-,  il  th.  ir..a  huie 
be  u,.  .hae,,.  allv  .lliv.-u  ba.  kuai.l~.  that  t!ie  ^pe..•  >  ■ouUl  be  pU.ltal  to 
the  Kit  il.  the  t.T.lUe  L.lVe.,  1  .V  the  CU.  V.'  m" .  ■  .;.  thoHL'h  p.sitive, 
is.hacte(lopp..>itelvt..  the  I. .tat  1. .u,  aiul  th.  i.  I..v.'  !!,.■  ;  ..  .  muu-  i.n.l.T  th,-.' 
.  ir.  um-l,uu.-  auaiu  a.  t<  a-  a  i:euerat..r  aiM  tran-h'i  ^  eu.rL.y  t..  the  Ina:u^. 
Th.  ^^\^'Av  .utv,.  i~  (..r  '^ne  p.uti.  ular  vahv  of  tlie  r.-tor  resiMauce,  aud  Its 
an'r..xuuate  ^viuiu.  iiv  ..l-iit  'h    Imi,    i  ..  i'  a;.!  \  n  x'     v,  ;v  :nter,-;uiu. 

The  rea.l.  r  ~li..ul.l  .  ..lupafe  th.-  M.  iiiim  t/  .  li.ira.  teri-ti.  (  urve  of  Im-. 
with  th..  t..r. pie-lip  experimental  curves  for  the  Bnicc  IVebles  motor 

Speed  Regulation.  -<  m.  ..I  the  ch.ia..  teri-tic  f.ati-.res  of  a  p..lvpha-v 
imhicti..u  m..tor  i-^  wh.u  ninnii,.'  ua.h  i  h.a.i  th.  ^p.•■  .1  i~  lu-.inv  cn- 
-taul.  It  ha-  a.lr.  a.lv  been  lu.'uti.  .(ed  that  uu.Ut  .-iicli  cu"  ■uin>lauce>  the 
>hp  ..r  .hli.i.u.e  iu  anuiiiar  I'.twoen  the  rolatim;  lield  of  the  stator 

attd  the  n.tatiim  r-h..it-.  ii.  uit..l  r..l.  r  i-  very  Huall,  am.  aiuiuL:  t..  al...ut 
4  per  cent,  in  xvell-.i<ML;ne.l  uuuliine-.  N'.w,  the  auutiiar  ^pee,l  ..I  the 
rotatiitu'  field  i-  fixed  bv  the  peri.>dicity  of  the  currents  Mipplietl  and  the 
number..!  p.l.  -  an.!  a:T.u<  ^.'Uieut  .•!  wii..hu-,>  the  stab.r;  it  is,  there- 
f,.re,  in  all  oi.huarv  .  a-,-  .1  c.u-taut  .luautity.  If,  then,  the  spee.l  of  the 
rotor  onlv  differs  from  it  bv  bcin.u  a  few  per  cent.  le--.  that  spee.l  nnwi  be 
v.rv  neailv  <:..nstant  als...  and  experiment  shows  th-.t  such  is  Uie  case 
with  well-desiune.l  machim-.  wliicli  are  found  to  run  at  nearly  constant 
speed  between  full  load  and  no  l..ad  when  the  supply  vtiltage  is  kept  con- 
stant. 

This  pr..iierty  of  the  in-'tors,  admirable  for  many  purposes,  becomes 
adisa.h-autaL'.'  wiieu.  a-  m  ti.eii.  ar  u..ik.  ih.v  are  re.piired  to  run  at  various 
speeds  under  diltereut  c..u.lui..u^.  \tteiapt-  hav.  been  made  to  cmtrol 
the  speed  hy  a!terin.t;  the  voltajje  on  the  mot.ir  by  mean-  of  vari.ib!.'  taps 
on  tr..n-.f..rinei  -  :  but  the  results  are  not  s.iti^factory.  as  both  the  starting 
torque  an.l  eflicieiu\-  become  \ow  if  tlie  voltage  be  altered  much  from  the 
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dfsicrncl  voltape.   Other  mi>tliiMt~  li  ne  tlui.  tori'  IxHti  sought  after  and 

(!,  \.!m|m  !    nil  to  somo  of  iIks.'  wr  >Ii,ill  hiirilv  rofiT 

Control  by  Resistances  In  Rotor  Circuits.— <>iu-  of  tin-  most  am- 

vi'iiiriit  iiH-tliods  of  wiryiii!,'  tiic  >j»>i'il  >A  an  iiiiliii'tion  inot"r  i--  li\  iiiir.Mlui  uv^ 
rc>i>taiKe>  into  tlif  rotor  (  in  r.it^.  llu'  I'tft-cts  of  this  iin'tlio.l  of  i  ontrol 
are  sliown  in  Fig.  757,  whidi  exhihits  tht-  results  of  tests  nuide  hv  thf 
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\\\-tiii,L;hoiiso  Company  on  a  motor  capable  of  deviiMpiiiL;  a  tonpie  ot 
50 )  ll)..fL'i't  at  a  s|x'eil  of  71)1  r.p.m.,  with  its  rot.w  ^llo^t -circuit ed. 
The  resistance  is  inserted  in  tli"  rjtor  means  of  a  <  \  !indi  r  tun- 
troller  similar  to  the  cylinder  revcrs.r  of  1ml;.  (.54,  hut  moditud  for  the 
altiiid  coiiditiuu-.  In  tlie  c.isc  ])ifoic  11-  the  controller  had  six  notiiies. 
The  "  first  notch  "  introtluces  all  the  available  resistance  into  the  rotor 
circuit,  and  the  hne  so  marlced  is  intended  to  give  tlie  connection  he- 
twe.n  toniue  and  >|ieed  f.>r  tlii-  re-i-l.iiice.  A>  thi'  cnntrollei  is  moved 
round  notch  by  notch  the  resistance  is  diminished  with  each  step,  and 
the  successive  cur\'es  shown  are  obtained.  Finally,  at  the  last  notch 
the  rotor,  or  "secondary,"  as  it  is  ( ,illed  on  the  diaLiram.  short-cir- 
cuited, and  the  topmost  curve  give^  the  le^ultin;;  inechanical  char.icteri^lic. 
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For        ca<o  the  horsc-jwwi  r  rurvi-  i<  ul-io  drawn  ;  it  is  nearly  a  straight 

line.  I'Ut  ( nrvi's  ii\<  r  a  littli'  t'-r  tlir  liiizlu'-t  ]"i\v>'r<,  '-hnwinu:  tli.it  the 
ilimiimtioii  "f  >j><ril  is  luciniiiiii,'  tn  till  iimri'  scridii-ly  than  at  lnwi-r 
powers. 

The  cur\'e-:  carry  tho  thi-nry  <'f  the  motor  furtht  r  tlum  V\^.  756  ;  for 
wliilst  the  two  nppor  ones  show,  as  hefon-,  that  with  incrrasfd  irsistance 
in  the  fiit'ii  till'  >aini'  inaxiiiiuin  tniipir  i-.  iiailuil.  hut  at  a  h'Wvx  -jinil, 
thf  lower  Lurvos  >h"W  that  it  tlic  ic^wtanif  ln'  increased  too  far,  tins 
maximum  torque  is  not  attained,  and  that  the  torque,  starting  at  a  mucli 

lower  v.iliii',  (limiui-lics 
coiitiiuioii~lv  with  in- 
cna-f  n|  >]K'(il.  It 
would  be  interesting;;  to 
continue  these  curus 
t  \])rriiiirntallv  <l i\\  11- 
w.irds  into  the  region 
between  a  a'  and  ;«"  t' 
"t  I'i;;.  73'). 

The  j)ra(  tic.il  use  of 
>iu'h  curves  is  obvious, 
tor  they  sJiovv  that  the 
motor  can  be  started 
' tl\-  uii.lt  1  .iii\'  !■  vhl 
up  to  its  niaxiniuui. 
Suppose,  for  instance, 
tli.it  it  wen-  rc'iuiri'l 
to  -tait  til.-  motor  un- 
der a  load  represented 

Fi;.  753.— Westinsb""*  R'4;.,tance  Kramc  Ibr  Kotor  Cirtuiis.  by  a  torquc  of  450  11).- 

feef.     On   moving  the 

controller  on  t..  t!i.'  lir-i.  .ii;,l  tiim  tn  the  -e!-..ii,l  n,.uii,  ilie  r.itor  v  uld  11. a 
develop  xiilieieut  toniiu-  to  ui"ve  uiuler  the  loaij,  but  ou  moving  to  the  third 
notch  a  st.utini;  tonpie  ot  550  lb  -feet  wmiUI  be  developi-tl,  and  the  motor 
would  start  and  run  up  to  a  speed  ..|  2:.-^  k.p.m.,  ,it  which  it  would  reuiaiu 
running  with  a  t.injue  oi  450  ll).-ieet  cnne-;  .on.liug  to  Uie  load.  On  nioviug 
to  tlie  lourth  notc  h  the  tonpie  at  this  speed  would  increase  to  640  Ib.-feet, 
anil  the  motor  would  again  accelerate  to  a  speed  of  500  r.p.m.,  the  tonjue 
again  falling  to  450  Ib.-feet.  Thesi.  experiences  would  be  repeated  at  the 
tilth  and  sixth  notdi,^,  and  at  the  l.iti.i  ilir  liu.il  j)o>sil,K.  >|H.cd  ,.f 
R.I'.M.  under  a  torque  450  Ib.-ket  w<'uld  be  reached,  the  H.f.  developed 
being  a  little  under  70.  The  nominal  power  of  this  motor  is  50  b.h.p., 
which  it  will  .:;iv  w!ir;i  !;•!•■■::;:-  -5:,  u.p.M.  under  a  torque  of  about 
310  Ib.-feet.    Tiie  slip  is  then  5.5  [ler  cent. 
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As  alroady  explained,  the  linrse-pinvor  nirve  on  the  diagram  is  only 
npiilh-al.l.'  tu  thr  -!i-it-.  uviiit.  .1  r-t-r.  ,,i;v  of  the  other  resistances 

the  powtT  inu-t  W  <  .ill  uKUi  d  111. Ill  the  liMiiiiila  ; 

Tiinini-  ■:  n.p.M.  .. 

II.  1". 

ihi'  iMiqiii'  iH'int;  in  ])nim<l-tVt  f ,  as  ^ivtn  in  tlie  «hai;rain. 
that  till-  p.'  iinilu  ity  i~  m\(U  ■  'ii 
llu"  diatjiani  at  7.J00  alterna- 
tions, and  the  sj)ee<l  at  'lOo 
K.p.M.  The  lornnr  tollnw^  the 
Anu'iican  praetice,  in  wlii'li 
eaeli  ]ieriod  i>  n  ■uiiti  d  ,1-  t  .■,  ■  ■ 
alternations,  ami  tlie  nuinbn 
of  sneh  alternations  per  niinnt<> 

lll-trail  '  i|  prr  -11'  'P.il  1-  -|  M  1  1- 
liiil.  To  iiiliici-  to  iTdin.iiv 
Ijiuli-li  pra  tier  i>t  .-])eeilvini; 
period--  ]i;'r  second,  tlie  nmidx  i 
civen  must  be  divided  \\\  ij.  1. 
.  r!i'  -p^  ■  d  i  l  1,...)  K.l'.M.  I-  th'- 
■■yiKluoiious  speed,  wliii  h  the 
motor  can  onlv  attain  bv 
riinniiv,;  ab-^oliUrlv  i  lle  il.-,.rli. 
llu'  110  iiiii^s  a  loiiditioii 
111 \er  reii'lied.  as  there  is 
dw.iys  Irii.tion  o|  wirioiis 
kinds  to  wMste  some  ener:^y. 

rili'-e  motor-  li.iM'  alieadv 
been  illustrated  in  Fi:,'s.  31)7 
iml  5'iS  (V'"I.  I.),  which 
the  -tator  ami  the  1  0111- 
plete  motor.  Fii,'.  75,S  diows 
one  of  tJie  resistance  frames 
used    tor   the   controller  cir- 

•  uit--.    riie  Conductors  are  in 
the  torm  ..t  -nd-,  -jucd  well  apart  and  clamped  up  between  insnliting 
blocks  l)y  long  holts  .secured  to  two  mas-ive  .  iid  pl.it, 

To  illustrate  the  kind  of  controller,  ,1-  ili-.tiii.  t  in.m  ilie  r.  si-t.inces, 
which  is  u-e.l  lor  this  work  wv  M  li  rt  ,1  rerent  ■•  ci.ntii.ll.'r  for  heavv  duty  " 
m.mul.ictured  by  Me»rs.  Dick,  Kerr  an.l  Co.,  Limited.  The  controller 
provides  a  reversing  l)arrel  for  the  stat-.r  circuits  and  a  controllinL'  birrel 

♦  .  ..■    ♦  1  J.. ;  —  1  , ; 

II  r.  -i-Mii.  -  -  in   !;,,    i    Imi   ,;:,iiit-.      .\-.  tile  rotor 

currents  tu  be  handled  may  bu  very  liea\y.  tli.,uyh  not  of  high  voltage. 
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thf  switch  omtacts  arc  imnvr-ril  in  l  i!,  a  "livi.c  wlii  !i  \\<-  liav.'  dt  -criht  ■! 
1  luTi'.  The  >tat.)i-  i"iitai  t>  aiv  al-'  iiuni.  r-.  a  in  oil,  wiiiili  for  liigh 
volfaLTK  l].nnn  \;,]t~)  U  ill  a  o unpaitimnt  si-parato  from  that  cuiitainini; 
til-  til'  r.'t.T  c.  iii.M  t-. 

A  liont  virw  till-  innti.H.r,  witii  tli<  oil  t.iiik  luwcr.-il.  i<  t,M\r;i  in 
Fi,-.  75((.  Tlu'  roti-r  CMitart^  air  in  tri;'!'  \.  iir.i!  i..\v-  mu  tl;>'  hit,  and 
tlu-  -lator  t  oiitai  t^  on  tli.  li^'  '    nul  >\itli  tin  oil  tank  ilnwn,  all  iIum'  mn- 

t.ti  t^  ate  ([Uito  accessible.  A 
!;  \  ii  w  of  the  C'liUl.  lli  i-  is 
i:iviii  ill  Vk.  jfio.  I'luii-  are 
two  hiturcatini;  lioxes,  one  fi>r 
t      ill.  i  -.iiir. ;  tile  otlii  1  (>  >r 

t!ie  I  ui;;oiii^  >l,itor  e.il)!i--,  ami 
I'll  tile  riijlit  of  tlif  tii;ine  are 
tile  verv  luunerous  single  ci  ii- 
iliutor  (lexiiiK  li-ails  for  raakiii'.,' 
the  1  oiHiiTii  .11-   to  thr  wiri.ai- 

-."  li  in-    !•!    the    thn'e-liha-e  le- 

-i-^taiiie.     lln-  contri'!!er  stands 

;•!,..  It  \  tt,  hi-h,  ail  l  tl..  I  i! 
t.iuh  1  III  III'  re.ulIK'  r.ti-i'l  .iii  l 
lown  i.  .1-  its  wi'jht  i.-  ci'iintir- 
ImI  II  :  -  1  l)_v  till    iiKtal  slal>  \v 

ii-i_.      .  ' 

I  i  I  tiir.v  i  -  i;t.i( i  r  j-  \<.'V- 

ticular  \alue  ol   ih'  ihlee-liha.-i 

lesistaiHe  are  arranceil  in  a 
h'  <v\/'  <vi\.i\  !ini-  ;ind  are  iii.iiiij.i!- 
;,iti  I  ^iiiiult.iiieoii-.ly  by  a  cam 
•  n  tht  cuntroilini;  shaft,  this 
cam  wurkinir  aijainst  a  sprint;. 
Details  fi'r  a  sinjile  line  of  ce,n- 
t.ict>  ;ire  i^ixi  ii  in  1-is'-  i  li' 

lixed  contacts  ari'  on  \irtiial 
l»osts  i<,  and  tlie  movable  con- 
t.ut-  (  ale  attached  to  Kait- 
I!  Woikiu^  I  mild  spindli  -  a  .iil.uiiid  to  ihe  i;\ed  ti.nne  n  a.  'iuv  con- 
tacts c.  itre  pivoti'd  at  .\!  on  tin  lt  \>r-,  and  woik  ai.;aiii-t  .■-i)rin,u>  w hen  tl;e\' 
are  piox'J  on  the  lixed  coni  h  t-  I  ,  thu>  giving;  the  ru;)i)ing  action  wliich  is 
so  es-.enti  d  for  the  contaet>  of  a  -wit'  li  mei  li.uiism  of  this  kind.  The  three 
levers  i;  ,(ie  (  oiipled  to.:rtliri-  i,\  pin-  (,  on  the  bar  1-,  iMnyiiis;  a  roller  cout.n  t 
I,  at  viir  <i;d.  wlii'  h  i-  i'ii-l:ed  a^'  tir-i  tlie  eani  K  by  the  sp-ring  il  at  tlic  e.tlicr 
end.    This  cam  K  is  attaclu  d  to  the  stiuare  shaft  j,  which  is  the  control- 
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Wiv^  sli:ift,  im<\  tlu  ro  is,  of  rmir-i',  a  soparatc  ciin  for  cacli  line  of  contacts, 

a  ilitti Tint  {lositioa  of  tlu-  handle.  Tlic 
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lUtnTll      I't     till'    iMni       -Ili.llM  ill 


notol,  lor  it 


I-  wli.  .  11 


•ul. 


K  j)n—-(-<  oil  tiir  r.ill'r  L  tliat  tin- 
coiijili  !  I      forctil  to  tin- left,  nml 


til 


iiii.M  t-  i:  <  .ire  I  \' 


K  (I'll- 


thi    I'ului    li.t-  I.  tl 

tai  t-  .in-  nopi  rrd  by  tiif  pri—uri' 
of  till'  sjiriii^  II.  I'lii'  cim  i-  di- 
r.ipid  ]i.i-iti\f 


t  ,111  !  ,1  I 


1  (liChl.'d 


ai  t;  ■!!  at  l'rca'-.inL'. 
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f  I  ward  o; 


>ti'lii;!i: 
-  that  thr  1. 1 
•.  <■  tl,  '  hall 
at  a  liiiii  , 
till-  third  and  I'Hiith  r. 


ol  II  lltai  t-  air 

th.  oth;  r  1 1'lit 

'llir  ri  \  I  r-iiii:  ■  ■  • 
^^lt.  r  circuit  ari' 
J,tdi::,:d  end  ot  I 


II 


il,  ~,  d 


■Mtai  1  -  |..r 
-!i'-\vii  at  til' 
1'^.  7"!.   Thi -I 


\  cam-  Mil  Ihc  n  vil: 


lii-  il-lla 


I  iiiti 


all  u I  ■!  krd  i 
ini;  r-haft,  atiil  i 
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~i-tanci  in  the  rotor  circuit.  ( )a  tin 
olli.  ■  li  iiid.  tin  cniiticllii!-  sh.it;  i- 
hi  M  i  I  ki  d  until  the  >taliii- circuit 
1-  !i  .M  d  I.  r  cither  fonvard  or  Ixick- 
\\,  :d  nmiiiiiL,'. 

Conti'Ol  by  Varying-  Polarity 
of  Stator.  .\ii  oh\  i..r.-  Mirth. -  :  -i 
.lit, nil;,  the  ^lH■rd  of  an  indue  timi 
nii-t.ir  is  to  chanirc  the  niinilHT  of 

]l.lh   -  r!   t!,r  r..t,,tin;^    U^.\,\  up 

thr  -t.iti.r  if  thi-  can  ho  accon»- 
I'li'licd  without  intriKhicini;  pnicti- 

..d  diiii.  ■.ill.-  i.rini  iraMiu'  unduly  the  c,,-t  of  thr  ni.irhiiir.  d  l.r  M,iurrrl- 
cai;c  roti.r  will,  of  c our>o,  adapt  it>clt  to  any  nuiabcr  uf  polvs  in  the 
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stater,  rill  iil.  tliM.l  .  !,  ,11 1\- riiyiiris  tlu-  clividiiii,'  ■>[  tlic  >tati>r  windiiifis 
into  >i(  timis,  tlio  niil>  of  wliirh  must  be  brouj;lit  out  to  ^jM  cial  switdios 
or  controllers  by  the  necessary  rhanges  ran  be  ma(!e.    Thtis,  for  in- 

-taiirc,  if  tile  wiiKliiiL;-  nt  tlic  -t.it'ir 
arc  rt  i>ri  >('iitc<l  l)y  tln'  six  cuils,  i 
2.  .1.  4-  3.  '>  of  Fig.  jhi,  those  coils 
can  be  fnnricd  as  slinwn  in  a  star 
wimlini;  to  ^;i\<\  >ay,   a  six -pole 
rotating  tiiM.     Let  now  the  star 
point  be  oponeil  out  as  shown  in 
Fig.  763,  so  as  to  put  in  series  the 
<iiil-;    \vlii<'li    wcri'    jircvji  iii--!\-  in 
p.ir.ilKl.    l)iit    liaviiii;   tiif  roiint'C- 
tions  uiichaimrd  at  .\,  n.  and  r,  and 
partly  unchanged  at  a  h,  he.  and  r  ij. 
I'lie  i't'fo<'t  will  be  to  t,'i\-.'  a  twi'lve- 
IHili"  ticld  rofatini;  at  halt  tlu'    j  ^-.  d. 
It  should  be  noted  tii.it  tlie  sujiply 
ire  rnnnected  to  the  .r,  h,  c  terminals  of  the  coils,  rind 
to  ihr  A.  1;.  ("  tcriiiin.il--  :  this  fn-nri  s  tli  it  thi'  rliaiii,''' 
t  s.  ribcd,  ,ind  kav;  s  the  dint  tioii  of  rot.itioii  unciiaiim'd,  thoimli 
the  (hrection  of  the  current  is  reversed  in  certain  coils. 

the    sviv  lirniliius    --prcd,    anil  tlnTl- 

will  he  the  Usual  lurtluT  variation 


WitKlin^^s  Cnnntxted  for  a  Stx>pule  FicM. 


lea, 
lliaili'  IS  .1 


in  l-iu.  7<',; 
•  ill  l  iu.  7')J. 


The  change  alters 


dill  to  \  .u  iation  of  load  {sec  Figs.  756 
and  r?;). 

\'ariable-spcvd  polyphase  motors 
on  ilii-  prinri]ile  liaw  Ihtii  Imilt 
by  till'  Otrlition  Company  and  l)y 
Mes^^s.    Brown,    Bovori    and  Co. 

Ill    -MllH'    lnininoti\(S   llllilt    (■  ir  tllf 

Siliiploii  tiiniul  thf  ciimui  tions  for 
till'  stator  circuits  were  so  arrantjid 
that  the  motors  coiild  bo  run  with 
16.  12,  i<,  or  ()  poll's,  with  corre- 
sponding ranges  of  the  synrliroiious  fid 
speeds,  at  J5  jxTiods,  of  it^y-^,  J50, 
375,  antl  500  revolutions  ]>er  minute. 
.\s  tlic  tornur  of  -m  il  iiiutnts  is  In-  _  _ 

I  1?.  7*3  .—Winaint*  Connected  for  a  Twelve-pole  Field. 

viTsrh-  as  the  s\iuliroMons  sjii'id. 

the  niijthoJ  has  the  ailvantaue  of  givini;  tb.e  larcre  torque  at  ':tarting  which 
is  so  important  in  traction  work,  ("on-idcrations  of  sp:  f  will  ;i  t  permit 
us  to  give  details  of  these  motors,  but  the  ellect  of  the  1  liange  ot  polarity 


JI/on>Ks  /.V  "Casc.^ok" 

"ti  (i.)  tliesixrd.  (ii.)  the  cffi.-U'ii.  v.  an<l  (iii.)  tli.  pnw  r-f.i.  fnr  f,.r  ,Uft.  n m 
I'M'!-  N  yiv.i,  in  Iv^^.  71.4  71,5  t.,ls.  u  ip.n,  Mr.  H..t,,,.f^  l...,,k  on 
I  urtn,  .Mutor^.  •  111,  m..t..r  .xiHriiiu'iitcl  ui-uu  was  a  v.triahli-.pole 
railway  m"t..r  .yivin-  n.v.  on  a  2S-cycU'  55o.v„lt  rin  nit.  Tli.^  nirws 
in  1%'.  704  aro  lor  tla-  twdw-pulf  Mat..r  ( oniuvti.  n-  aii.l  th— r  m  I  -<,s 
Inr  tlir  Mx-iml,-  ,onntTti(.n<  In  I  k:.  -1,^  „,,t  unlv  i>  tlu'  spml  lnw,T  than 
111  I  lu.  705.  l„it  ,.Nn  ih,  |.,u,.i  l.,.to|-an,l  the  eftinonrv  arr  siilMantiallv 
l"'Uii  li.r  till'  full-luad  r.ilnl  (nitjait  cif  jjn  11. i-. 

Still  muri-  ffcentlv  Mr.  Croo.lv.  l.v  s.rti.mini;  ii,.  th,'  Mat^i  .  in  nit-  an,l 

I.  nnciiii;  mit  tlio  t.  nninal-  t..  a  -p,  ,  p|,.,.,  ,  .mx,  ,t.  r.  ii,,-  applio.l  thr 
i  rinui.u  ..I  .  ..iitiol  l.v  v.irvinc  ilu'  pulaiity  t..  lar,i;o  motors.    At  tlx-  inu- 

II.  11.1  M/r  |„  ,  lunnirii:  spoock  an.l  ovon  inoro  iti  Iho  lari;.  r -i/o- 

Control  of  Two  Motors  in  Combination.    In  trarti..n  wmk  with  tw.. 


to  or      ioo  Jsotod  iK  toFHo 

1      1  of  (•>..,•..:■•:.:  the  x„i 


PI 


t.'is  avai!aF)lf.  niothd.K  wciv  wtk.  ^  ..iit  ...in.  \-,Mr 

l'i'  l"i~  •  h,|  t...,,  i|„  ,.  hull  <  tn.  irn.  If-, 

.iii.iiiu.!  at 


JD  'ot  ig>  xo  aoj^^ue"^^ 

I.-,  r-. 

I-         I.   •  r  ,.    :  ■ 


ill!  f         Uiilr  h.  with 

irM  running'  ti.njiic-  wen 
piv,l>  111,1,  li  IkIow  thf  ordiiiarv  running;  sjx  oN  ,,|  ,  i,i„  ,- 

laotor     M..t..rs  so  oonnorto.!  nro  sai.l  to  ho  .■oupl.  -l  in  "  i,,n,  at.  n.it   ■ 

■tandom.  „1,    ■   Til.- Ia~t  trim  i.Mi,.,t,i:,.ii,T.,!iv  „.,.,!. 

Ill-  ..n^in.,1  i!i.tli.«l  of  ...line  till-  up  tw..  iiidii.  ti.ui  iii.L.i-  m  ■•  , 
1-  -li.iwii  .lia,i;ianiiiiati  .lily  in  lla.  jhh.  in  wlii.  h  -   ,  . 


K',  th-  r..i.ii-  .  iivnit-  i.r  N... 


■p  I  ill:. 


"   -|  -|        1.  j'l.  1,1 

I  n-p.i.  1.  till  l.iM.  r 
I  II'  -tal..i  iml  |,,|,,,  i  n.  lilt-  ..(  X,.  J 
.  ^.  ~,  a;„l  H..  K,       iv.p,rti\vlv  :  tho  luros-air 
-uitdu-  aii.l  luM-  aro  nut  niduat..!  in  tho  .lia.i;iain.    l-,„  i„l|  .,,,,,1  ,|,, 
.t.it..r>  of  both  Pint. .is  arc  c-vv.ixlvl  in  parallel  i..  ii„ 


•  ■  -tat..r  i  irt  uits  and  k,  k, 
!  in;:  omnectid  t.)  tho  usual 

I.l''t<'l  ,iIV  n  pi  ,  ■.•lit.  ij  l.y  - 


.'~>"    .   I  1?  J.'IlUi 


d  -p...! 


dill 


main-,  i,u!  1..1 
'""I'  ii:         .h, 1. 1.1111.  ..niv  the 


■tarliliL 
tat.T  ot 


tly  to  tho  sui.ply  iiiain^.    11,0  stator  nf  N.,.      it  will 
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1..-  ii.iiii  t  (I,  i-;  riiuiucti  '1  t'> 
t!i<-  -iiji  iiU'.-  i't  til'-  l''t'  X 
<■!  \  i.  I,  whiNt  till'  P'tcr 
I'l  N'. ..  J  i-i  joint'il  ti>  the 

ii-  im1  -l.irliii;;  :r-i-t.r.  '  '. 
W  ith  tlii^  .in.ili;;. nil  lit  tlu- 
frniueMcy  of  fhf  <  Mrr.-nt-i 
^iipjihtil  to  111'  !"r  \o.  _• 
lii  [ii'ivK  upon  till-  •■  -liji  '■  .1 
thi'  rotor  of  No.  i.  .\\\.\  tli.> 
iiiotor-i,  whirh  il  iiuthmi- 
r.illv  .  oniii  i-tcil  tiiust  run  at 
till-  -,ini'  --pi'i  •!,  w ill  inn  up 
I'l  iSi'iii  ii.ill  tiiiir  ii..iiH,il 
lull  -j.iMil,  .It  whiili  -piiil, 
il  tiny  he  7.iiniLirIy  wouikI. 
thi'  -lip  will  lie  .ihout  oni'- 
lialf.  mil  t!i'  \  will  run  at 
iir.irly  tlir  >.n\\v  rui'iiiu  v 
as  at  full  si>ct  il.  All  ailvan- 
ta;,"  i:^  tlif  tl.  \i!'i!ilv  ol  lii- 
ill  tlio.l,  ,111.1  ako  that  il  till' 
motor-  tliii-i  (oiiui'iti.l  .ivf 
(liiMll  at  a  -.pii.l  Iirtwi't-n 
lialf  an.!  lull  -ju  .  !  a^  -ay. 
wlirii  i  ,ir  i>  1  m;:!!i:i.,' 
ilow n-liill.  tiny  will  ait  - 
yciit  rator-  and  return  ( iii  r  ,\- 
to  til.'  r  AW.<.     1  ii. 

iii-  ailvanta-;i  -  aro  tlu-  i  oni- 
plicatfil  s\\  it<liini;  arraiK'c- 
nu  iit-;.  aii'l  that ,  t.  •  .  .!.t  lin 
a  Miitii  ii  iil  I  M.l  .  in  tlK- 
rotor  of  N.I.  I  !.i  !■  ■■.1  the 
>tat.ir  ol  .No.  J,  No.  1  rotor 
iiiu-t  W  wouml  with  tine 

will'.     >o    ,|--     to    l:,u-.'  the 

icnii.-ito  iiiuiilvr  ol  turns. 
I'liis   ncctssarily   means  a 

.  . .!iiparati\i'ly  lii:,h  r.  -i-t- 
iiii  (•  in  tlii-  r.  .tor,  whi.  ii  is 
11.  .f  a.ivantai,'! .  m-  w  li.  n  it  is 
ixing  run  in  tlie  ordinary 


Ill  .in  i.'i'v  i\,ini;.i.  ,.|  til.-  ij.p!  - ..tinii  i>i  tiii-i  m.  fli..  mii-|iIv 

iiMiii-      !  .1  pr.'— nr.'       ;  ■  :.l  ih-  mtur  iil  N.i.  i  w.is  wuun.l  to 

•i.iu-mit  .;«'.)  vult-  ti)  till-  -t.it<  r  -.1  N.i.  j;  lia-  |wiw.r  w.i-  .V'u  ii.u.p. 
Wliin  rtiimiii:,'  "ii  thr  iii.iiiis  tli-  <  !ti<  i.  n.  it  >  i.t  i  inul  N.i.  _>  \v,  r..  ..j-^ 
'li'l  i-r  ..lit,  n  .|.r,  ti\.  h  ,  tli.-  .lili.'!.  n.  •  !..  m,,'  pi  in.  i|..i;iv  t..  tli.- 
Iii^h  r.-i-l.iii.  .■  .1  t!t.-  -i.it. .r  ..|  .\...  i.  l'„-  |..|iit  ,  ili.  i.ii.  v  iii  i,is,,i,|,-  at 
'H  li  77  S  \  >  r     iit..  win.  Ii  i-.  iiuuli  liiclifr  than  ...iiM 

111!  11  i.l.t.iiiiril  witli  till-  two  ".t.it'.r-  111  -.11.  -.  -.1  li  .it  ,  .1  h  -li.  iiM 
t.ik.'  h.ilf  ]iri -iirf.  Murcvt-r,  in  the  l  iit.r  .  tin-  -j.,  ■!  i.  :;u!  iti..ii 
.v..!il.|  li  :  I'  Ill-I  ll  ilirticiilt        ..i  'iitl.-  \mIii.-. 

.\  l.it.  r  iiii'tlKitl  of  j>iiiiiiu  iii'lui  ti..ii  iii..t..fi  in  •■  1  .w.  ,i.lc  "  i-  -li.iwn 
111  Fi;;.  707,  in  whiili  tlu-  -t.itor  iti.l  r..t..i^  ..f  tlu'  two  m<.t..i-  ir,.  imlj. 

'        SjppLy  majrs. 


MoCorN?/. 


MotorNTz. 


5, 


S  i 


LP  K 


'"'  111  .1111.  r  I  .  'i  .it  11-  !  11!  1'.,..  7.,.,.    .\,  hrinr...  tli.'    ;  it..r 

■'         I  .Inc.  t  ..11        -njiply  i,..!in>.  .ui.i  tlu-ii  tli.  mtur-    1  t!i.- 

•w  '  niiitcirs  ,irc  plaiv.!  in  scri.  -  with  ><\v  ,in..th.-r,  -<>  tii.it  ih.  i..|..r..:  \'.,.  j 
.1  I-  .1-  -I  -t.iiiint;  I, -i-t,iti,-,.,         -..II  ,  ti,ii,_-  111.-:.-,  t..  111,.  i..t..rof  No.  I 
1;    1.  nuinil-  ui  th.-  >t.it..r  ..I  N...     ..r-..,ii,...l  i..  .,  k  v  k,  I-v  whi-  h  th.-v 
1  .'tl,.  .   !-.-  -!...!t-iiiviiiti'.l  ..r  'l)i..!i_!,  \shi.h  -t..rtii,-  r. -i-Iaii,  .an 
!..■  iiili...I>i- cl.    Ihf  ("um-nts  imhi.  .  .!  m  tli,-  -i..!..!  -  1  \,, 


rot-.r.  whi.  li  i:.  thiTt'lun-  imt  iin-i,  K  .1  -.m;.!.-  1, 
\'<\-  t!.i-  111, 


_■  r.-a.  t  tipw-i 
'1  11.  -   ill  th"  I  ii.  nit 

''  "^1  'm  'm  '!-!-  111.  :'!...!  ..t  c  ..nil.-,  ti'.n  th.-  tw..   i,;,,- i,in.'>  .-an  lie 

t  '•■  ■in"th.-r,  ,in.|  th-.'  iRv.-.-tv  l..r  ai..l  .li,a.lx ..ntaf.-,  .,f 

u;n-hn-  h,  k,  u,  with  ^  hii;h  r.--T  in-,-  .li  .ij.jH-ar. 

l"..r  tr.uti.iii  .u„|  ni.un.  .-tl,-,  !  .n|...-,-  it  is  .k-.iral.l,-  tli.it  tl,.-  two 
iii.i.  lniu-.s  m  -ca-.  .uii  •  >1i.hi1.1  run  at  Wxk-  ^am..  ami  in  thi.-.  .  ..-.-s 


jja  E/.ecrn/c/Tr  /.v  r/'V.  SKKtuce  of  Max 

tlu'V  <  .m  »»o  m<'«  Jianirallv  .in  <l  toi-illi.  r.  If  tin-  sorond  m«'tho<l  i-f  con- 
m-  tinii  I"  ,i!".v.'  Ih  ,i.lo|,tr.|   tip  m.i.  hill.'-  1.111  I"-  pI.i.  iMl  ..n  the 

ttutiu'  lM  (l.|.l.it»-  .111(1  iIh  roturs  Imilt  .>ii  the  ^.llUl■  hh.ill  ;  iH)  ^lip  rin^.'-i  will 
lilt  11  Ih-  r»-.|iiiml,  siiu.  the  nett-sirv  icmnections  can  Ih'  pasMil  aloiii;  tin 
.|,  I,  (,|  till-  I  ISC  th'  -  I  Imtoiiu  s  an  alt^rnati-iumnt  motor  with  >tart- 
iiu  .iii'l  p. ,  .1-.  ..iitK'll  .  i.  -i-tan<  .--  iiiMTt.'-l  in  tlip  <  iri-uit  of  the  stator  of 
\i.  1.    I  iiitli.r  -iinpliti  iti"ii-  -n  ,'-ti.|  \<\  l>i   >.  I'.  I  lioinp-.n  wm-  to 

Wlllil  the  two  -t.itors  nil  iMH  (  mIV  .ill'l  tile  tWi'  Hit"l>  oil  aiii.tlu  i. 

r,(M-,(,/,  .U.>:-  r    -  In  i.c'7.  Mr.  I".  J.  Hniit.  in  a  pajK-r  read  l«  fort- the  In- 

,,,,,,, I,, II  ,,|  I  I,  .,,..!  I  11-111, rr~.*  ill  -  Ill..  !  .1  1, 111,11  kahle  dev<  loprnvnt,  in 
will,  h  nut  Lilly  .i  -m  :i.  '  "if  u-nl  l..r  ih  -l.ili.r  .lU.l  a  --inKK'  '  "ff  f'T  tli«' 
rotor,  but  al>o  a  -ini;l«'  wiinliiiL;  on  r.n  li  t;  im  .ill  ili>'  <  .in.liin.ii-  ii'  ii\  t" 
t.Tk.- a.lv,mt.i:.;v-  ot  tlu' "  t a-,  a.lc  "  prim  ipU-.  i'>  uint.  i-tan.l  tlii~  .i.  liu \>  • 
111.  lit  it  niu-t  !«■  r<  ni.  iiilH-n'.l  that  tin-  nirrcnt<  -iippliid  t<.  No.  iiiai  hiiu- 
ill  (itl'-T  m.'tlu"!  .1. -iIIm-.I  ,i!...\r  an  "I  l"u.  i'  In.iu.  ii.  v  tli.m  that  n{  thf 
-ispply  tnrniils.  ll.  tlu  ivli.r.  .  thf  iiuiulur  d  p..!i-  l.'i  wl.i.  ii  N...  -•  i- 
vv.  111.1  Iw  fill-  s.imc  a-  N".  t.  the  svm  liroiioii*  sptcl  n(  N...  j  1.  :  tlu  -.  .  n 

I      .  ..mII  !  rr,-p..ii.!in;;K  I'.w.i.    AiL'tlur  wav  nl  putting  tlii-  ri-ult  i> 

t..  -.i\  th.it  III'-  -p.  >'.l  111  1.1' ll  '  i~  th  it  I  >viii  hniiion*  iiioti.r  with  .i 
■^ti\itcr  luiiiil".  !'  ot  p..i«-  -iipph.  .1  .  HI'-,  i.i-  of  tin-  "  liii.- "  li .       ii.  \ . 

rhii>.  it  niniviiii,'  at  h.ill-«pii'i  svitli  .i  -is-im.U'  wtmliiii;  tlii>  >pnii  lu.iy  bi 
rt  li  rr.-.l  t..  i-  tli.it  ..f  a  tw.  Iv.-pul.  motor  of  tin-  orii^inal  frf.|ut  n.  y. 

Ill    lluiil  -  niot..r   tin    I'.t.'i   I-       \v. .1111.1  th.it  it-  iiiihii'td 

( urn  lit-  not  onlv  pn.ihm-  a  luM  ol  thv  -iPi.  inimlur  of  I'oli  -  th..! 
of  tin-  stator,  but  al-<i  a  tifl.l  with  ft  wrr  ]ioK  -  {p.)  - 1>  on.  -'....ll . .i  i\m  tl  ii.i-- 
Ihi.  ii,  l,K  ,,|  .  ..in-,.,  n.t.iti-  with  ,1  luw.  r  ,iii,:il.ii  vi  l...  ity  than  that  ot  the 
otli,  r  ti.  M.  .111.1  111  the  an  .ijii-p.'l.   l..iir-i...li'  comhinati<in.  for 

m-taii.  r.  wouM  not  n...  t  lU".!!  lii.  i  ir.  i.it-.  ol  m  .  iuht-poK-  stator  wonn.l  in 
til,'  ..nliiiaiy  ni.tniur.  Hunt.  Ii  .^v.  v.t.  ino.liiii,  tla-  wiii.lir.f.'  i>f  the  stator 
s,,  th  .t  uhik-  pniv  i.linu'  fli<'  ii-n:il  »  i;;ht-pok'  wiiidin;,'  for  the  -iipply  •  urri'iits. 
a  |..iii-ji..!.  i  l..-i-.l  .  in  nit  wiii.lin^  i-  .il-..  jmiviili-.l  in  wlii.  h  the  f.'iu-4...K 
li.  l.l  1.1  the  rotor  pn>iln.  >-  iii.lii.  cl  i  iiiTi  iits,  an.l  ulii-h  ...t-  a-  .i  rotor 
!..|iiirn  l-«  au'"'  windiiif;  tow, ml-  the  four-pnle  dirrt-nts  in  ili.  r..i..r 

It  .'I'.K  p.i-il)l.  with  ill.  -pa.f  at  oiir  di.-i>osal.  to  iiuU.-an-  very 
i;.iui-.ill\  h.'W  tin-.'  n -lilt-  m.iv  I..-  .itt.iim-.l  I'V  siiitaMc  nio<liti.-ati..ns  ot 
tlu'  wimliiiKs  of  th.'  -I.it. T  an.l  i..t..r  ..|  ,ni  .'nlinarv  tla.  . -plia-.'  iii.lu.  ti.  i, 
motor.  .Xs  n-.inl-  tlu-  ^t.itor  win. Inn;,  thr  lii>t  -Uy  i-  t..  h.iv<-  in  taih 
j.h.iM'  tw.)  path*  in  par.ill.l,  a-  <li.>wn  in  V\ii.  ji>S.  l>t«twft>n  the  terminal 
an.l  th.-  lu-Mtral  p..iiit  .i  -t.u-.  ..nn..  t.  .1  w in  liii-,'.  It  i.'l!..w-  th.it  p.-iiit> 
A.  A  .111.1  n  U,.  f.pii.h-tant  in  an\  ph.iM-  In.in  tli.  t.  riiiiii.il.  will  hr  at 
tht  -aim-  jHiti-iitial  at  i  \<  ly  iii-t.>iu.  ai  rig-irds  tlu  -uj.j.'-.  :  a::; !-.■  eive-l 
from  tlu-  tcriniii.il,  an.l  in.iv  tlu  n  l..rc  ho  conmrttMl  c-itlur  hy  a  short  cir- 
•  J-  uinii  of  lilt  .'I    t       -i  ..I.'  z:..v,7i..-is,  Vol  X\XIX.,  r.ise  O4S  (i'.)o7). 


If  I'M 


lilt       ilir  nuli  .111  .\tii  n.il  r.-i-i  HI  .  uiiii.,iit  11,1,  1 1.  i iii);;  in  aiiv  tv 
ili.-v  -i,,|,|v  Mill.  lit-..    rhf«'  .urr.  iit^  \m:i  m  ,n\  uiv.-ti  »-.is<.  s.  t  up  in 
th.'  -t.it. .r  .1  rl•\..lvin,^;  tiilil  <>(  .Ii  tinitf  jmLiiiiv.  *.iy  <  i^lit-p.,!...    Ciuu.  1',  !v. 
It  in  t  i;:Iit-ii.)I,.  r.'v..|vini?  »i.  f«l  w.t.  t..       .     ,.v.  r  tli.'-r  .  ontlm  t.us  the 
ii.  !ii.,.|  1  wliiKt  ..niMiii;  .lit.  n:.itii!^  i  I'.-  it  th.'  trrmin.ils  T,  T.  r.,, 

v.lii.  h  wi.ul.l  -\\\y\\  .  iiiniits  to  .my  ..iit.i  .  ii.  nit-  .  i-niiiTtf.!  thnvii..' 
v^.iiil.l  ii..t  i;ivi-  ri*<-  to  any  nirront<  in  tlii>  f-r.w^  rnnn.-<  ti.nw  rofi-rrpil  to. 
t!i.  ii.l-  of  iMi  Ii  lit  wlii.  li  w.iiil.l  .ilu  t\  -  !••  .ii  til  '  -.in...  p.ilriiti.il  f  r  .  \ .  ly 
I  . .-ill. .11  ..(  till-  rcvoK  iii-  11,1,1.  For  .,  |.,iir-| .  !,■  i.  \  Ivm-  ii.-ld.  Iiow.m.t. 
tlir  -|  M.  in^  .it  tin'  K.ils  .  '  1.  fwn  p.ir.ill,  !  ■  in  iiits  h.ts  |>ri.|Hrly 
ii<.  .1,  thr  c  .iiiiir.  tf<l  |«)in  i".  ;\  ^^•  111  .ippnsitc  ph.Ko  at  fv.-ry  in-tant. 
il  l-  i.l)vii)us  whi-n  it  i-»  1.1, „:.},,.  \  that  <un.luitor<  wlii.h  nrc 
.l..tii..il  .1.. 

In  >  .iji.irt  111 

:;  I  ulit-li..li' 
■  .  i.|  arc  uiily 
!"•'  >  Ii'.  trii.il 

'i.  ^h.  -    .Ip.ll  t 

ill  ,1   l..iir-i ;i.|i- 
In  ri,'.  ;t.8  til. 
|.ii..r  .iir.i\v-li,  .i,|-  ill 

:;<■    "I     th,'  pli.iv- 

^..u  I ' w  iiiiiii'  i'il  i  iir- 
i.  lit-  •  'lie  ti>  a  toiir- 
\'<\.   ii- M.  whilst  thr 

Ii,'  .lirii  ti'Mi-  uf  till' 
'  I'lily  nimn!-  pro- 
i.  iiifi  the  ii>;ht-p<)k' 

i    T  V-  -I. 

It    iii.iy  1.  iiufc.l 

.•I,,  that  the  frciu.-ii.y  ol  iJio  n.mnt-  in  tl,.-  111,1,1  .  „,  i„t  ,,,„,i„,.  i,,,„, 
temiliial  T,  is  the  full  freipien,  v  ,1  til-  -,i,,i  Iv  i,  i.j.   uliil.t  tile  Irr.pieli,  v 

•;i  ili"  in.lure,!  euiivnt,  in  the  other  ,M.i,it,  1.  th.t  determine.!  hv  the 
..I  the  r.it.ir  relatively  to  the  revulvmy  tuM  .,t  tiie  stat..r. 
With  the  rotor  the  tonflitions  arc  .liffor.^nt,  f.ir  both  win.liin;-  ar.'  to 
M\  .  nrn  nts  of  the  same  fre»]tienty.  ,i:.d  tliere  are  to  be  no  external 

,11.  ■  II. 111-. 

'  '"   I'lu.  tors  preferaMv  shnuM  <;ipplv  all  the  np<-<<<,.rv  paths. 

•:  .it  is  t.tking  the  e.ise  .-..n-i.lnv.l  .ibuv...  t!ie  patlw  f.  r  tli.'  .  i-ht-n,,!.-  ..n.i 
t..'  i.inr-iiole  circuits,  thoiidi.  ..1  <"ur>e,  it  w,,ii],'  -MhU;  to  hav*  two 

.niir.  Iv  in.l,  pendei.t  uimliims  an.l,  .is  a  inaf  f,— t,  such  windings 

"rie  .nlopteil  by  Mr.  l.y.lall  in  an  earlitT  app!     .-on    "  ijie  'cascade" 
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priiuipic  tu  ;i  sinu'U-  motor.  Thf  practical  ol^jn  ti.ms  an-  that  it  1.  ads  to 
uiiii.c.-.irilv  liiL'li  losses  in  the  two  sfts  of  wintlinps  an.l  lii^ih  mapnfti. 
Icaka^:.  .  ,m-.  'l  h\  flu-  f,'natt  r  .l.'i>tli  "f  tin-  slots. 

J'u  i  xplain  how  tlu'  two  iniK  pi ml.  iit  wimliiiKS  ol  l.\c!,ill  h.iv<  lucn.  .1- 

it    wt  fi ,  fiisii! 


a 


.  '  !         '  '       I  I        I  I         I  .  I  '        .  Ill' 


.    f  totn  tiiiT  in 

>iiiijif  windini; 


/ 
Pole 


Kb) 


B     n     A    A     C    r        ^ '  i' 

1 — : — v^-   


J, J..  Ijuicr.iiu  .rf  the  k.>li>r  Winilins      lluiuN  Caicadv  Mv.tor. 


liv  Hunt,  W< 
^iiali  ImIIow 
liriftly  as  jiossi- 
1.1.  tlif  lattor'- 
I  \p.isit  ion  "t 
ii  i  111  I' t  li  ""I 
fiivi  ii  in  a  siii  - 
M-ipunt  pij'ti 

In^titiiti.'ii  "t 
EKKtriral  Kii 
L'inft-r--  larK  ii' 
1.(14.    l-'.ir -Mil 


plicitv  a  f.inr-i».li    two-|>.iU   <  ■.nil>inati<.ii  is  taken  instead  of  an  cif;lit 
p.'l.  ti'iir-j"!!.  .1111-  1-  rct.ir.d  t".  aliow. 

Ill  1  1::.  70,,  III.  1.  1-  tn-i  M  t  ..lit  an  airaii,!.;tnK-nt  t.f  thirty-six  condnrtor- 
in  Iw.  ;\.  -J.  ~"  ...mi..t.il  I-  t.'  in  tin-  ui>pfr  two  rows  a  (..iir-pol. 
htld  an.l  111  tin  tiiii.l  or  lowtst  row  a  two-iH.U-  tii-ld.  that  is,  asMiniin^  th. 
con.hu  tors  .  arrv  the  i  urn  nf-  indicated.  Thf  nsiial  conventions  of  -  for  a 
rctr.  itiiii:  an.l  •  t.n-  an  a.h  an.  inu' .  urr.  iit  an  iim  ■!.  Th,'  ilin-i- . . 'iidii.  t. .r^ 
in  th<  r-ain.  v.rti.  al  liii.  au  -ii|.|m,m  ,1  t..  1>.  111  tin  >aiii.  -I.'t,  an.l  tli.  .ha 
gram  is  a  .Uvdopi-.l  ..m-  in  wiii.  h  tli.  la-i  -l..t  .m  th<  riulit  i-  f..ll..w..! 
imnn.liat.  1\-  h\  th.  -t  slot  on  tlu  li  ft.  Tin  <  urnnts  an  thni-piia>c 
the  pha^-  i..iiii;  iii.li.  iti'il  by  tlu-  usual  letters  a.  n,  and  t  .  If  tlu-s*.-  cir- 
cuits an  tra.-f.l  out  it  will  Ik-  f-tund  that  all  the  bars  of  each  phase  are  in 
series    between       .  ^  ^.  ^«  ■ 

the  neutral       f*A        *C         *B        *A  *8  «C  «»®C 


II.. lilt-    1,  .iii.l 

betw.  .  n  ('•S 


which  the  ihn-e 

plia^.^  ar.  Ill 
parallel  III 
the  secon.l  .liacr.'li!  (l  i 


*C  .?A  ®B 


«A  «C 


®B 


•  C  <?A  'A  *B  *B  «C  j 

F.g.  77j.-SiBi|.Ulie.!  Uaftxin  ..f  thi  Ktlir  WuhIit.;  »tth  rolul.J..:.!  liars  iliiitl.:.' 

--.'I  ill.    combined  win.liii^  f-  -ii.'V.i  v.ith  th 


omission  of  tlu-  ri.hn.laiil  bai;-.  wlii.  h.  lying  in  the  saiiu  sL.t.  carry  e.pia! 
and  opposite  t  urreiits  on  the  same  phase.  Thus  slot  i.  Fig.  7''>>.  s!:ov - 
two  B-phast-  coiuhu  tors.  one  currying  a  t  and  the  other  a  «  current 
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Tilt -I    tUM   nirr.ril-    \\..mM    u|,m,,u,|v   ..mirl  ,.|it    ,  tli.  i    a-  n-anls 

in  i-iii  tir  clic  t.  aiiil  tliiTi  turi-  tin  nnlv  ,  tic.  tiv.'  mrn  iit  the  .\-[)|ias«> 
Miir  nt.  It  will  Ik-  fminil  on  t timpariiii;  tin  twi.  tisiures  that  twelve 
ii'iKliutors  an-  thus  oniitte.l.  n-duiinn  thi  thirty-six  . nn.lucti.rs  of  Fii;. 
Tlx,  t..  twcntv-fimr.  No  <oniu-(  tions  an-  shown  in  I  i-.  7;,,.  which 
"iilv  111,  th  it  it  hv  (.minT  connections  the  currents  shown  ran  In- 
.1  thiMiuli    ill,    ( '•iiiliii  - 


0 
® 


o 

A 


A 

t'ii'  771.— RiH./T  WiniliDg  l>ia(rani  furthfr  simi 'it  tt: 


I  I-  will,  ii  ii  Ml, nil  the  IllaL;- 
11,  til  i  ltt  i  t  will  lit-  thf  ■^allh 
.|v    ill    Fii;.   -jn.      Six   ,>t  till 

-!  I-  II, >w  ,  air\  ,>nt-  i  (pn<liu  - 
t  T  ra(  h  an,|  tlu'  other  six 
.  irrv  thre<  eacli.    Further,  in  each  of  these  latter  two  of  th-  c.i.du.tors 

■  iirv  ,1111,111  111  th,.  v.im,^  ph  iM  .  an.l  the  current  in  the  third  bar  differ- 
in  1  h.iM   liuiii  til,-  ,,tli,r-  Iiy  (Ki  di'urets. 

A  lurtlu  r  Miniiliii,  ati..n  apjK-ars  in  Fie  771.  in  which  two  of  the  tliree 
•  oil. ill,  tors  ill  the  six  sl<,ts  jii-t  n  f.  rr,  .|  t,.  ,11,  n  pia.xi  l.\  -in^l,  ,,,n. 
,iiiit,'r.  carr\ini,'  th,  .■.jiial  oiit-oi-plia-  (iirnnts  ol  the  mi|>|,i.-m,1  u.ii- 
li  !•  I  A-iminii;  all  ili,  phase  currents  t,>  Ik-  tHjual,  tlii-  ,  ■  .iiil>ini>tl  cur- 
r.iit  Will  he  1 7_j  times  the  current  in  each  of  the  two  rejila,.-,!  eurr.nt-.  its 
phase  lieinp  halfwav  between.    The  conductors  carrying  the  loml.in.,! 

i,  iit>  an-  -li,,wn  in  tli,  t,.),  r,>w.  in  which  the  methoil  of  indicating  the 
.  .■ii;!'iiMti..n  will  l>,-  i,  ,mIiI\-  I, .11,, wed. 

It  I-  ii,,w  p<,-.>il,k  t,.  w.,ik  ,.ut  a  plan  of  connc-ctions  which  will  fulhi  the 

■  i'n.litions.    Such  a  plan  is  shown  in  Fii,'.  77J  in  ^k,  !,  ton.  aii,l  in  l  i- 
with  the  conductors  in  ttieir  pn-per  position-,  in  tlu'  slots  ami  with  the 

tnal  (  ..nnertors  sliown.    The  connections  give  a  star-inesh  connecti».n 
^  ,  as    drawn   ,iiit  in 


Fi.u'. 

tial 


-C 


!i«ci;.  ii.  i:i\in.- the  .SioijaiStU  Kotor  Windiog  uf  t 


"74  til,  11,11- 
pollit    cf  the 

st.ir  l>eiii_'  uiven  by 
file  cotviluctor  i>  in 
\  7rj  .111.1  • 
All  aiialy»i-  ,.f 
the  indu,  e,l  t.M  F.s 
ill  the  v.iri,ai~  ,  ir- 
cuits  -li,,w  that 
1  ilaiK  ,  (!,  ami  that  11,1  ,  iirr.  lit-  ( ;in 
Then  an  tliu>  tlr.tt; 


li'-i     tak,ii  r,,nii,l  the  nie-h,  ar, 
■  1!  ul.it,    e\i,pt   by  WAV  ot  the  >tar  windings. 

I  uit-  in  whi.  h  ,  iirrents  circulate,  namely  those  hidicate.l  bv  the  tiire 
nm.r  triaiiKKs  .,f  Vin.  774,  and  with  tli.    in.lii,,-,!  (urnnt-  t\^•^uu^ 
i!i,-e  circuits  the  f,.ur.j»oIe  and  tii,'  tw.-poK   tul,[>  ,.|    I -,(„,  ,,r, 


III 
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ELBCTKiCITV  /.V  Tt/F.  Skiu'i^f.  <>/■  l/f.V 


T!i''  \\"rkinL: 
ol  till'  riiti  r  III  ,1 


■Mt  "t  ill''  inll  il.  i.iil-  lit  the  win.linu'  "f  llif  stator  ami 
1  .iM'  wiiiiM  lUin.iinl  more  spai  f  than  \vu  can  spare, 


■  X/^^"-*^  ^^'^^ 


out  till-  nM-ifT  will)  wi'lu  s  to  >  .irry  tin'  niattir  lurtlu-r  may  t  iui-iilt  a  liu  iil 
artiili  *  « < intributfil  fo  The  lilatrici.in  hy  Mr.  I".  M.  IVnton. 

^   Reversing",    l"  iii''  'lucitiun 

-    '  \  (it  iiitauiiii  111  a  i)i>l\i>liaM' nii'tui  it  is  mily 

"Cjt^  necessary  tkctrically  to  change  sunu-  of 

tlic  connections,  so  as  to  change  the  direc- 
lii'ii  iif  rotatimi  iif  the  revnlvinq  field  of  the 
^i>it'i:  Till-  1^  aci-Mm;ili~ln  il  in  a  dipli.i-r 
iii'iti'r  it  the  Connections  of  niic  niily  "f 
the  phases  be  reversed,  leavins  the  othei 
nm  lian^id.  Similail\-,  in  a  iuiiIm-c  motor, 
it  till'  runiU'Cti' 'U^  I't  til.'  I1U1111--  to  two  of 
till'  li'lIlllU.lU  air  IiM  I-nl,  tin-  >-t.ltor  lli'lil 

.mil  tlierelore  tlie  lotor,  will  revolve  m  the 
Mjppii-ite  direction.  So  far,  therefore,  as 
till-  >iator  circtiit^  .wf  concenied,  in  f.uli 
I'l  tlie^'  cases  a  siiiiiile  (loiihle-pnle  icver>- 
niK  switch  on  two  ot  the  leads  is  all  that 
is  necfs-.irv. 

.•\s  uyaiils  ilif  tutor  I  mints,  it  niu-t 
be  reinfinbtriil,  of  cmirsi-.  that  lirtnic  ilif 
direction  of  nn'tion  uf  the  rotor  can  be 
reversed  it  ninst  stop  dead  and  then  start 
asain  i'l  I'n'  "jii>"-.ite  dii.'i  timi,  I'lu' ii-ii,tl 
precautioii>  necf^-ary  tor  >iartin.i;  trom  rest 
must  therefore  be  observed.  Fur  instance, 
il  i.-i~Uiiire  in  llu-  i"tMi-  riniiits  is  the 
>l,irtiiii;  device  i  iiipl' '\ i  c  1.  tlh  n  the  ri  vi  rs- 
inK  ^ear  should  intrmhice  re-i^l.mce  into 
the  circuits  as  the  rotor  slows  down,  and 
Fig  775  -Krv.-,,,,;  a  1  rcmovc  it  !is  tHc  spe.'tl  ai;ain  increases. 

*  The  Eitctmum.  Vol.  LXXII.,  pages  344  anJ  S71  'I9'4)- 
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riif  nrn--.an-  rover^iny;  (  "imcctinn^,  uiult  i  >iu  li  <  ■  .iuliti>m«.  for  Ivili  t!i.' 
t.ii-r  ,111.1  r.>t..i  cin  iiii-  ..f  a  tripli.i-r  motor  aiv  iiiv.  ii  .liairramniaticdlly  m 
775-    1^^"     tl'*^^  J'-  iJ*  A  and  H  mmin;,'  from  tin-  supply  main-*  throuL;h 
the  fuses  F  aiul  tlie  main  switch  s,.  instead  of  beini:  dinctly  conm-cteil  t..  tlu- 
motor  M,  an-  carntd  to  the  rwrsini,'  sw  itcli  s,,  whence  the  current  is  brought 
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WESTINGHOUSE 
No.  10^>  TYPE  F  MOTOf) 
TWO  PHASE 

coo  VOLTS,  7200  ALTERNATIONS, 
8  PCLES,  900  R.P.M. 


'Im'  k  to  till-  motor  l.v  till-  UiuK  j  and  ',.    in  oil-  poMtion  o|      .\  j,  |,,in.  .i  to 
J  iiid  H  to  h,  and  in  th.'  otlirr  p  Mtion  tlicsv  rttnin'ctiou-  aiv  rl-vi  i -.-d,  Tlu' 
,  !!,■  UTivemiiit  of  thf  handle  ii  \vlii<  li  actuate-,  tln  -e  .ouia.  t~       >  !  .wers 

■  ■  or  other  of  the  >,.t>  ot  tripl--  Made-  H,  or  \i,  into  tiie  hipild  (  Oil!  imed 
'A  the  -.  nil.  u,  u!  ,r  v,-.  l    wh„  i,  ■„  van, hie  n-sistaivv  dependini; 

■■•A  the  ..mount  ot  the  immerMoii  ,.|  tlio  piatos,  wliieh  in  it>  iuru>  di'pends 
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ELSCrSKITY  IN  THE  SekVICK  Oh  MAf, 


"■n  tliP  position  of  tlir  li.mcllo  ii.  i  in'  M.i.l.  ~  -a  h,  ,iiuI  are  jdiind  to 
the  slip  rings  rrr  of  the  rotor  in  thf  usual  way  by  Itads,  independent  of 
A,  B,  and  r,  and  there  are  short-circuiting  blocks  k,  and  K,  on  each  side 
of  thf  >\viti  li.  The  modifications  rwjuiri-d  in  applyini;  tliu  prim  iplc  to 
a  metal  starting  ri-sistance  will  In-  rradily  uiuUrstood  witliotit  furtlur 
explanation. 

Experimental  Tests. — The  behaviour  of  a  well-designed  miHlern  indur- 
tiim  motor  has  already  l)ttn  srt  forth  in  di't.iil  on  p,i.i;e  607  (siv  Tii;.  700) 
m  •  ■ime<  tion  with  the  full  ,1.  m  ri]itii  m  tin-  Hru«  e  Peebles  >taiidard  in- 
duction motors.  Curvt's  plotted  to  a  lonjue  basi-  line  of  a  standard  West- 
inghouse  motor  M-e  i?iven  in  FIr.  --jU,  which  has  reference  to  the  same 


BrdJte  -  Horse  Power 

'  i-    --7  ~  W  ■ ,  i  ;^  Cist^r-i  •  1  .1     ^-H.t'.  111  . 1;.  II  in  M  t-T. 

Westinfihouse  motor  wtmli  \\.\~  Imiii  dralt  with  in  737.  flic  nvh^v 
is  nominally  of  50  b.h.j*.,  I'ut  hp  -i  •  i  the  curves  are  carried  up  t"  -  3  v.. 
which  is  a  50  percent,  overload.  The  various  quantities  are  plotted  vii  tic.illy 
,i(4am>t  the  torciuf.  wivich  i-  plotted  horizontally,  as  in  the  prece<hne  diagram. 
riii>  1^  |ii-u!iid  tlu'  i.i' t  tli.ii  iiir  a  given  toiiiui'  the  cnrrmt  .md  tin- 
jHiwcr  t.utor  are  C'  ii>tant  .iiid  .in-  independent  <>!  the  >pti'd.  ITn'  >ptiil 
plotted  on  the  diagram  is  the  maximum  spei>^  attainable  with  the  corri- 
spniiiliii:;  l"l(|iU',  ,i:iil  willi  thi-  int'M  -hiMt  ■  iicuitt d.  It  will  In-  Motn  ■  d 
that  tlir  powfr  l.itioi,  uliuli  1-  50  per  niil.  at  al)"i!l  "iii-triiih  N-ad,  n-i  > 
rapidly  with  the  Uiad.  and  reaches  ((O  per  cent,  at  a  liitlr  .\ri  hall-loa  l 
It  remains  over  •)()  per  cent,  fioni  tlii^  jioint  until  up  to  tull  load,  and  Inyond 
to  alxnif  15  per  cent,  overload,  and  at  40  per  cent,  overload  it  is  still  a-  high 
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r^T  LViit.  Till-  rfticltncy  ti>r  a  t.iir  ranm'  't  luad  witliin  onlm.ii  v 
••v  iikiii:;  liiiiit-i  I-  mvit  por  crnt.,  !nU  -ink-  t  ■  Ih  Imw  (lo  jur  icut.  ,it  v.  iy 
liLlht  !•  la.N.  The  curri'iit  roijuiriil  is  luarly  pmpdiiiuii.il  to  thf  t>>r«juf.  InH 
IS  s. mu  wli.it  lii^luT  than  prt)j><)rtii)nality  Ixith  at  vi-ry  li«lrt  and  vt'r>'  Ikmvv 
i. i,ul>.  .V  taiif;ent  from  the  Dri^in  tinuhi'S  X\w  '  iirvf  vi  i\  >  t  ■  tin-  f\i!l 
1 'dil  p.ijnt,  and  hes  quite  close  to  the  eurve  l'>i  a  ioi\suleialile  di-taiic  . 
The  (h-ddvanta:;e  of  usim;  tlie  tMi  pi  ,i>  the  hoii/outal  'mlmate  is  tli.U, 
l  .  t  a\i-<e  of  the  varying  speed,  it  does  not  npresent  the  power  the  niot  >r 
1-  Ljivins  out  under  the  different  conditions  of  the  caqHTiments. 

In  Fii^s.  -77  to  77<;  are  plotted  ,  .1:' re-ults  of  tests  on  typit  ,il  p. 'K  ,  '.i- 
in  lui  ti'iii  motors.  In  these  diagrams  the  horizontal  ordinates  are  tin  .i'  tiul 
puwiT  (in  n.H.p.)  developed  by  the  motcff,  and  they  show  the  relations 
iiitween  this 
j  '<  iwer  and  the 
<  tti'  lenry,  the 
juiwcr  factor, 
.md  the  slip 
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;,  iliu-'l  lieing 
plotted  for 
•  learners  in 
l  u-.  777  anil 
77')  "W  a  -1  ale 
tut  times  that 
if  the  other 
'  .s  .  rii;.  777 
i  ti  ites  the 
'  ■  !ia  \  ii'tir  of  a 

-  H  P.  motor 

in  loail  up  to  a  100  j)ri  cent.  ov<  i1.m,1.  .\t  lull  load  the  elh.  1, 11,  v  is 
■  nt  li  per  cent.,  .uul  tlie  power  factor  nearly  iji  per  cent..  mv\  these 
juaiitities  chan;;e  very  little  for  a  considerable  range  of  load  and  -  verl  id. 
Tin  -lip,  oil  the  ,,ther  liand.  which  i>  only  z  per  cent,  at  full  l-a.!,  ri-<  s 
!  ipi  !'v  to  I-  7t  jier  cent,  witll  the  heavy  overlo,i,l  ,,f  100  per  cent.,  but  even 
1'  •  i~  \  iliK  ilu  actual  change  of  speed  is  not  verv  creat. 

1  U.  77S  illu-tr.ites  the  I)eh.ivionr  of    1  -inall   Jlrm  e   Peebles  Vii.ii.p. 
'11. in.  ti'.n  ni..t..r  -p.vi.illv  .l.  -imi.-l  t..r  l.,om  diu  in-.     In  tlu  -,-  -mali "motors 
N  iiiip.."iM.   t..  ..l.t.iin  the  huh  .'tti- ii'H' ie-  and  po-.vrr  la(tcii>  attainable 
1  lar-.  I  niot..r-.  in.l  it  will  b.-  lu.te.i  that  llir  lull  load  etiiciencv  in  l-i;  77.S 

-  'iilv  ilxiut  S5  p,T  cent.,  the  corre<(i.intlin-   jiower  faHor  bi  in,;  7  ■  pe  r 

Hid  the  -hp  ,il)..Mit  I  p.rr  ..'nt      lh,-  ,  urvr-  .  \i,  nd       .1  l  ^  i'  .i  i  5 
!i  !■  ,  uhiih  is  ,iu  oviii),id  of  iDo  jx-r  <  eiit.  ;   it  1,  intere-iinji  to  n.ito 
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tli.it  till*  in.itor  will  run  ;it  sii.  h  .1  In  ivv  oviilti.iil.  but.  «f  coiirM'.  ti;;s 
load  most  nut  he  kipt  mi  fnr  a  Inni;  tinn-. 

l-"'ir  contract,  F::..  77(1  civi-s  tiu-  corrt'^jioiidtn!.;  CTnAT>  of  a  very  small 
plias*'  inductiiin  nrntor  who-^f  full  l^ad  is  ont-sixtii  d  a  h"r-t  -ivi\v»T. 
"I  .il>..iit  |.">t-!l>-.  |i<T  -i-i'ind.  Ilcir  ihc  i-|lun';ic\  at  mil  l.i.ul  1-  ■ 'nK 
61  jH  I  n  ut.,  and  tlif  puwi  r  tarter  a-  low  a>  54  per  cciu.  Both  tlu-v. 
aud  f-[M'dally  tlif  latter,  riw  to  tniich  liiclier  vahit'-i  th»'  l'>ad  i";  increased, 
.md  \\!tli  I'l  'iVi  il'vid  ..I  15,1  p  i  ,  .  lit.  thr  p'lwrr  tartor  1^  <'\-(T  75  jicr  cent 
rin-  -iiji  11,1.  he-,  \ulhiii  till  himi-  el  tin  dia;;tam,  the  lii^'i  value  ot  nvei 
14  p<T  (l  ilt,  bill  at  lull  le.id  i~  as  low  as  j'7  pcsr  cent.,  that  up  U< 

thi.s  point  the  motor,  like  the  5<>-H.i'.  machine,  is  nearly  syachronuus. 

"BtB  BatlBg-  of  Polyphase  Iniaetien  Molws.— Tiie  ratiai^-that  is, 
the  actual  bm.v.  output  u£  a  polspluu*  iuductiun  motor — is  (,'overnetl 
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jfanM^y  as  b  the  case  the  contitn»>u--.  urrent  notor  Iv  the  mhii] 
an<J  ?:>;  jiern;T-  bli-  teni|HT,i'  -r  ri>e  iiii.L  r  th.  .  nditions  whr  li  the  ni..!.  1 
ha-  to  ,atislv  m  u  »rkiii:,'.  .  ,e  iutii;.  !i.  -  o!  -i,.  e.l  has  b>  eii  considered 
in  coEBfction  with  oa^itinuous-eiirreitT  in'-t  ir-       •  5Sii   Section  I.), 

autl  tk»    Ninv    efin-ri,  r.itii  h      ;.  .l\  •  .        •  t        'or<.     I  ; 

cat;ti.-=sr  jrtifjti^  -I., el'.  •«  t.  .,t      .e.l  alter  a  m\. 

hoir     run    '  •  is  umi..::-    .j.e.  ijj,-!.  th         it  1    well  un^ior-^t.M.d 

that  111  maiiv  c^-  uii.— .ati- <°s  a  iR^iter  111.. \  ..«!\  h.i\.       work  intermif  :  tl\ 
and  thi!  thiTfiare,  p-rpo-es,  .,      J,,,-;  .  itpui  nii.;^lit  he  .-..teh- 

t.ik.  1!  !•  :ii  It.    An  -     Ill;  ■  -         ,,;  -     |,    ^^,   on  tie  l-'ahrenlieit 

SC.lle  (  ,,    to  ^    'Hi  'it.-  '  ■  I:-    ■  ■■  .    -.  \-.  a-  a  itlle.  (ollsideled  rea^-Hi- 

able  .inJ  -ale  tiw^^h  «!ae  Betlii«d  rTtaiiiin.<  thi>  execs-  in  puntke 

is  olteii  crsde,  tsuai'fe   ^  t^Hieinc  tlt-^  bufh  ol  a  tlurniouieter  into  eon- 


i\A!..:.    I)/.  /,_).•  IV/,-     •    /  \  .'rc: .1/ 
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t  1.  t  with  .litttTi-nt  pait>  of  th.'  m.i.  Imi<-  ,it  tli,  ,11!  .  t  Hi.  tinl  ni:,  il,, 
tempcrattiro  h.-mi:  <  ..I,  ..lat.-l  In-  t.,kiii-  th,  .litt,  !,  ,,,,-  I,,  i«.-,  „  t|,.. 
..I.-Mv,-,1  ir,M|H  r,.Mu.  Ml  II,..  ,  .,„„      1  t!,„t  .,1  tl...  nu.  inn.-  .s,  a>.  .Tt.imrcl. 

liu-  IRHN    I,,.  t,,l-  111  ,onil.-.  tl..Il   \Mlli  J.,,!yi.ll,|.r   ill.lu,  tl,.ll   IllMtoIv   i>  |il,,t 

til-  i«.iarity    that  is.  thr  ntimlHT  ..f  , yiv^,,,  j.v  ll.r  xvIilImk-  ,,ti.|  tl., 

tlV-lUcm-y  Ot   thr   SUpj.lv  MltlrMt     hX    11;.     .[hV.I   Witlllll   Il.,ri,.>v    lllllll  .,11.1 

th.  K'tor,'  in.lir..  tlv  1).-,  .mi.  I,,,t..|,  111  tl,..  ratlin;.  th,.  \,.|ta:;..  ..|  tlic 

MippK  .11.  nil  inii-i  b,.  t.ik.  u  into  a.  tount.  btvaiiM.  iim,  h  higher  v.. it.. v'.-- 
,111  1..  ii-,(l  wiih  A.c.  than  with  c:.f.  mot..r>.    Now  \mi|,  ^.,\,.„ 
..II  a..i.iint  of  tlu-  much  h.-avicr  iiwulation  rcinnvl  i,,r  l.i-h  \,,lt,i  ■,  .  il„. 

"t   II-   v.n.i!,,,  .„M,,.ie,l  l.v'  th.- 

.  .|.|..r  l..Miiiu>  \,  iv  i..w,  and  thu>  tin-  output  i>  |..\\,r  l..r  a  i:i%.n  ,  -r- 
.1--  tlian  it  is  f..r  low  voltages,  Ix-raiiv  of  il„  .li-.pi,,p,.rti...i.,t,.  in.  1, 
..|     -i-tanci-  aii.l  tin-  ■  cii-,  .jiirnt  1.1.  , ,1,1  ,!■  \  !.,pii„  i,t  i  ,  ' 

•  111.-.-  consi.l.iat  ...  .wll  prol,..i,!v  lH-...i:a  imi.h  .l,.u,i  U  ,,  1,  x\ 
ii:u-ti  .ti  .iis  tak.'u  li  .a  tin-  ea>."  of  tlu-  I)  15  >i/,.  ot  Mru<  i-  l',.,-!.!,  ,„. 
.1.1.  tlou  in..t..r,  allv.i,ly.le>.Tii..-,l  (.v.v  pa-:  ,  (.,,1  i,,(„,„       !  ,„  „  =  .  a 

.1!  m."l.Tat.-  voltac.-  this  m/,-  i>   „i  ,\„||  ,,,,,  „„„|!„,.        '.i, , 

li.im  l.mr  t.,  ^ixt.-.  ii.  .m-l  tii.TH.  i,-  1,„         „  l,..„,„i„  ,|„.,,i  „,  ,,.„„  , 
I  ■  ,;7S  K.r.M,     1!„   ,„  tu.il  >p,.,-,!  v,|!|  p,,  |,._      ,|,,.  :,„„„„,(      .j,,.  .. 
uiii.  Il  v.u).  -  li.,in  ;i  ...r  ..-nt.  at  ImIIIm..!  i..r  tli,-  i.ii;!,.-!  .p,.,.,|  , ,,  , 

.  !il,  h.i  I',..  Iu\,,-t,    Wuhin  tin,  r..iic,-  Ha.  puu.-r  ,1,  , .  ,,,p,.,|  " 
■  .A.v..Ua,i;,-  >,ippl  .   tr..iu  75  t,,  j,,,  ,;,Il.p..  whi>  !i  siiou    th.a  lli,-  r.,ti',, 


" '       '      o-n  iitit  .juantity.  l.iit  ri-.-.,  ...  tin- 
1    ratio  I  -  pit  p.»iti..nal  to  tl-  I'Tiiiu-. 
Hr-  inrim-iKr  of  voltauv  i*  >tiil  i:..,i,  iiit,u-t,„^,  .jj,,  ,.  (,,,  ,|., 
.  1.  ai  ..v,-  It,  ii)  -a-a>.   i,n.!>  to  l.nv-r  th.-  i„tiiiL:  ..(  il„-  n,a. 


i. 


■  iiif-  liii- 
tur\.    \  I- 


-tMkin,i.Iy  vhowi.  in  th-.-  .  urvt-s  plotted  in  l-i;^.  78...  m  vvj..  h  v... 
.1  vohaiifh  Ix-twt'on  no  an.l  (.00,  cum-  B  for  (.j,  to  i  i...>  v..|i-  .,1.,' 
i  v.  .  (or  T.1..5  to  3.5,jo  volts,  tht-  actual  curves  being  h.r  al^.ut  tiu-  .11,  ..u 

.  .Ila,:;^  in  each  .  a>.-. 

i  lK-  ir.thit-n.  c  ot  lowere.1  i-ciio.li.  itv  i.  to  (ier^«.^o  the  outpm  at  tii, 
Djur  spcr.is.  and  t..  in.  reasc-  it  at  tli.-  1.,w.t.    'li,„  ...n  l„.  not-.l  W  ,,.v 
■>mu!  tiR-  cufvos  m  > ;n,  (j,,  „.|u,  I,  tl,.  p-rio.li  ,tv  ^vit^.  ti...  .  ir 

^     - "'„'"'';  '■'  ^"  '"mp^'f  thr  .lata  th.  p.,\^.  r 

'lull  ..-.1,1  1:1  th.  ,u;..  -  /./  th.  fth.  u-n.  i.-  at  full  l..a.l  in  th. 
V.  .  havf  :-i-a  plotted  a>  jH-tvont..^^.  s  on  th,-  di.;i,'raniv  hut  v..-  hav.- 
•  -p..      tr.  mtolttfly  Ultii  tii..-e  d.lail,  here,  thou^jh  till-  -ui.-,r,a  i< 

•    lilt- ' 

Polypha«  i.  Coatinuous-eurpent  Motors.  -\\V-  mav  c  rv.  '  .  tith 

.'...adf         — -t.l..:i  will,  ,,  I.n.  ..     -rupari-. .11  ,,f  th.-  ..-!a'.-..  i,,,  :-i 
::.iHrHui»:ti.m  UKHoi>  an.!  .  .1.::;...  ,,,-cnii.  :..t  luot.ir.     o-u-  „i.  ,■ 

1  .  vxhiA  tiv  fori-^.   li.nv  ,,vcr  tl„.  Luter  la-  ni  i>„-         , . .    .  .  '\ 


Cxyr/.vivrscrKitKxr  v.  r.^rvr.iA 

<-om mutator  u.,1.  all  u,  t...„l.l. an.l.  .n  ilu-  case  ,.,mrr.-!Ma.;e  r..,.,„  ,„ 
t  1.  .tl.Miia-  ..I  all  n.l.l.n.^  ...ntacts  other  than  the  nnavoi.lahle  ..nes  at 
the  1uarm«s.  Then  the  polyphasy-  motors  hav.-  \,^■  ^taitm-  i.,,,.,,,. 
an.l  ran  start  against  a  full  lu„l  ;  u|„M  ^.  ..,..1-  -i„  r.l,  th.  v^a.e  p.ae- 
tical  v  ^.M-u-nlmuA.  III.'  p.  ..  .  n,  .  i,.,:,,,.  in  the  -lip.  a-  an  >n-p,  cti..n 
oi  tl.e  curves  Kivcn  al...ve  will  prove.  Umn  practicallv  ne-lin.l.le  tor  a 
wide  ranne  of  load,  "nu-y  are  als..  as  li^-ht  as  r,.,„it.,„;us-curr. nt  motors 
ol  the  same  output,  and  more  c  .mp,,.  :.  and  in  i  Lli;,,  „  ,  ,„i  s.aiid  hi^  ox-er- 
loads  at  nearly  full  emciency  t.-r  -li..it  peri.Kls  .,|  tune. 

/'-,.  .  ;■  Fadnr.  -  n,,.  ,,ne  .i;reat  disadvantage  which  |)olvphase  m..»..r-  have 
i-m  the  existence  ol  the  jxAver  factor.  Thisneressitat.  -  il„- Mij.plv  ■!  1 1 1  .  r 
current  at  the  standard  pressure  than  would  W  rcuiir,  .!  I.v  .i  ontlmious- 
current  motor  f^r  the  ^ 

»anie  amount  of  power.     ]  V_  j^r 

If  the  j)ower  factor  be 
low  tliis  extra  current 
will    either     cause  a 
-;r>  atiT  loss  nf  pi.wer  in 
ihi'  .listnbuting  conduc- 
tors, or  heavier  con- 
'luctors.    iin'>tvint;  .i 
creatiT  capit.il  .  .\pen.li- 
!ui<'.  must  1.C  put  down 
to  carry  it.    la  either 
.a-e  there  is  an  addi- 
li'Ui  il  loss,  which,  even 
with  .1  tairly  ]iij;h  jiower 
i.i'  toi.  mav  lie  serious. 

rim-.   -ilpl>-M.  ,1  .'.■It.UH  7:'-"l,:lr    ar„l  •■W,„l,i„4  CW- 

'"'t  oi  p  .wer  .-an  be  supplied  to  a  continuous-c„n,  m,  ,„,,i„r 
'n,  „t  .,t  So  amperes  at  a  certain  volta.v,  an.l  it  n,,.,, 
..l.ia...  the  motor  by  a  polvpl,,-,.  „„..  wound  l„r  .,„„,. 
t.^e,  an.l  which  .at  the  I.M.i  n.pnr,  1  h,.s  a  p„.vvr  f.Ktor  ol  .s.,  p..r  ...„t  • 
,  urr.  nt  .,f  inn  ;„„|„.r...  „„.,t  be  supplie.l  to  the  new  motor  in  onler 
.  M   ,ts  nuviunual  output  nuy  be  the  -,.,n..,  tl,  ,t  tl„  ,  f ,  i.,,.  i^s 

'  "^'^T       '-'lual.     .-onditn-a  u|„.  l.  ,  ,.n  be  .at.un.  d  ,„  pr...  - 

U  th..  di-tnbutin^  l.,„i-  „v  the  „,nie  in  the  tw,  ,  .-.s  the 
ol  lie,.t  .;;.nerate.l  m  them  by  ;he  two  <urrents  will  !),■  ,,„, 
•  or  ..s  11,  to  '5,  an  increas,.  „f  ^„  ,„,r  f  ,^  , 

the  Km,1-     ,  .,n,vr„..,l,  it     „  „  „,  in-i,  p,  ,„l.,,t  ,  nn,  m  n... 
:-.vm-;  a  ..■atm,        t  •  '  :.J>.n,  h..d  to  b,  transmitted  bv  tlu-  .am.'  i-ads 

1^  as  the  s^a.trc  of  the  current,  and  not  as  the  current  only. 
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to  In..., 


i4l 


if  ? 
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X\\>  [wiint  111  i\  In- fXiiinincil  iii-tiui  !iv<  !v  Iiv  mean*  of  a  vii  Imi  dia-i.i  ii 
In  V\\i.  7>t_'  let  o  V  In-  tin-  vi  Iliu'  -iii>i>litil  ti'  flu-  iivtor;  then  with  ,i 
pnver  factor  of  N»  pt-r  nut.  (o'**)  t»rr«"iit  will  Ih-  n-pn-H-ntftl  in  the 
corm't  p!i:i>f  rrhition  liy  a  vt-ctor  drawn  >iliini;  n  <  .  tin-  oosiiu-  of  tlic  ani:li' 
cov  I'liiii;  "  >.  1.1  t  or  npir^i-nt  thi~  lUiiiitt  m  iii.iuMi'tiiilr.  tli'U  it  in  i\' 
\w  n  'IvcJ  III!"  tw'i  (iiiTiiu>  in  qiLuliatun'  (i.i'.  iliif'iiii:;  a  iiii.iitii  jkti'"1 
in  pti  i'.  ).  ont'  o  t ,  in  tlii-  directioii  o  v.  and  tin*  other  o  c,  at  rifiht  anKlt-* 
til  II  \.    It  o  I'  111-  MM  .1111!"  Ti  -  "  1  ^^i"  -inip'Tf-i  .111(1  O.J  will  111- 

(«>  aiiiiu-n-^.  i'lir  twii  luiii-nt-  ni,  ami  o  < .,  will  |ii'iiliicc  I'lr  -.iiin'  I'tti  •  N 
a-i  till-  (uriciil  or  with  hlmii!  l  >  li'th  ji  -All  ainl  Iii.iIiml;  il  <  uiidui'tnis. 
As  rt  t;ard>  p  ivvor,  the  ciuri'Ul  oc,  being  in  >ti-p  with  the  prc->uri'  o  V,  uv 
shall  have  the 

1''  -XM  1        I  I  \     •    I  I  .  I        (I  \"         U  !■    ■    (  ■  I-  I.-,. 

the  latt'-l  liellli;  thi-  pinln  l  e.\|iie -^ii  mi  Ihi  the  p  iwer  i^u  ell  to  the  MlnI  'l  . 
Witli  it.'.trd  to  tlie  ciiirent  o  i  .j  we  liave  the 

!'•  'SM-l        1  I  \     ■,  O  I  .,    ■    Ci  1^  I  |U         I  1. 
Thi-  illllrlll,  tllercli'ie,  i  >  .lit  n  I  illti--  l!"!luil:,'  to  the  imWiT,  .illd  1-  thiicliilf 

often  irh  iinl  to  a-  the  idle  cnrmtl,  wiiil>t  (>  c,  is  kunwn  a-^  the  ,v  ir/,'/i(;' 
citrri  ii'.  Thai  llie-i'  two  Luri'inl>  are  equivalent  in  iu-  itiiii;  eltect  to  n  i' 
is  evident  if  we  reiueiiiber  thai 

O    \        ( 1  •  (I  1'- 

aud  therelure         (o  .  ;    ■   U)      (oi;    ■   i;)     (n  l'-'  <  l;), 
where  K  is  the  re--i>itanee  of  the  ronthu'tur,    N'ow  in  the  last  cqti.itinn  i!ie 

term-,  on  the  left  lelire-i-iil  till'  w.lll-.  wa'tril  lii  lii.i!  l'\  the  nitii  '-  II., 
and  u  1  J,  and  the  term  I  III  the  I  iLlit  tiie  w.lll-  w  ,1-t.  d  in  hi  it  Ii\  thi  i  arii  iiI 
o  1' ;   the  priipip>iti'in,  tin  ielnn-,  i-  proved. 

Km  u  with  a  power  lacim  ol  per  cent.,  wliicli  enables  an  altcrnati- 
curreiii  "t  loo  aiupen-.  til  do  a-  niuch  work  as  a  eontintiuns  curretit  ot 
()o  aiitii  tile  idii-  1  niiriil  1^  a-  hiuli  a-  '/i  .Muji  ii--.  .ml  ilir  •  xtr.i  enei^v 
waited  in  tin-  ?anu-  leads  would  be  2.;  3  per  cent.  A^  the  power  factm 
approaches  unity  this  extra  energy  wasted  in  heatin-r  'In-  leads  still  further 
diniiiii-'ii--.  and  <  veiitually  vani-hes,  when  tin  ,■<■  1'  lalU  into  step  with 
tin  ii:r--,ire,  and  th.'  power  t.ictor  become-  i.  I  lie  impm  i.ir.ce  ut  a 
hi^h  pnwer  factor  for  motor  work  is  therefore  very  apjiarent. 

Another  t>bjection  uri,'ed  against  alternate-current  motors  i:-  the  lai  ■ 
and  lau'ijini;  startin-,'  current  required,  a  point  to  w-iii  h  allusion  has  hr,  1 
ni.i  li'  I'l-t  i.'.hi-n-  (^  .  jniui'  We  h.ive  >!i'i\v:i  linw  thi  -i-  >iartiuL.;  currm  - 

cau  be  dimiui-hed  with  pulyplia-e  induction  motors,  .aid  tlie  point  will  be 
referred  to  asjain  when  dealinj^  with  monophase  motor--.  It  will  be  remem- 
beie(l  that  one  of  the  evils  con-^e.|  irnt  "U  l,ii.;e  startiUi;  currents  is  tli.-ir 
pos-ilili-  Intel  fereni  e  w  ith  thi"  voltage  remil.itinr.  ot  the  di -t ribiu  lui;  svstein. 

Aniiilu-r  point  in  which  the  polyphase  induction  inntor  .i  n  s  not  com- 
pare well  with  ciiiitinuuiis-enrrent  motors  is  the  comparative  inflexibility 


hi  -  •■/K.Y/  :xf   /'ff  'KV  <•/•   /.v/  T'  //.  V  .1/ 


'/■. 'A'V  ;t,5 

'  '  l'"-  '"ii-tint  -p.,, I  ;|„.    ,„„,,, r 

'"'  I, .1  -MM,,.,  ,„  vuu  l,  sM.I..  v.iruti..,.,  ..t  ,,..,..1 

1    h.  . -.:rv.  II  i>  at     ,h-tni.  t  . !i v,. lv..nt..^r.    >„„„.  .,t  t),.-  nu-tluHl, 
^nr.l  tu  uv.  r.  ..111.-  thi^  .li,a.lvMnl,.;i,!  h.iv.-  Ihvi.  .1,  alt         ,„  tfi,-  i.r.r,,|.n« 

1-iim!!v.  it  iM.n  !„  tl,,,r        i-.lvpl,,-.  ,n..t,.r      !„u.r  ...l.).t.-.|  t..r 

.  '.  />  th  ill  I..1  luw  ■i-r,  .!-.  .ui.l  tli.ii  ir>  ,i.U .mt.ti;. ,  m,  i.-.i-r  th.- 
:       ii       "I  III-  M.i-plv  .iirr..,it«  tiMt  vvli.  t.A.  r  mi.  I.  iu.,t..i,  .,ro 

.  1.  K  11-  . 1  It  Ik-  with  /..,.■  N  r»..,/if  7/.  s. 

■     i   M!N  K  s..n    ov  Tin  rii  MiNi  vKv  riiiokv  .>f  tvnr,  riov  M..r..K> 
111.  .1.111.  lit. iiy  tli.orv  ..f  iii.lii.  ti.in  iii..t..r.  Ii,.ni  tl,.  pin. -i.  ,1  |.  mt  ,.f 
\!.  w        U;n  .Irak  witd  with  tiilln.     in  \-.  !.  |  ,    ,  ,,,,, 

"  ""■  !""">pl.-       ,l,.tn.  .,1     „   ,„„|,r  ...MM.l.T.'.- 

"     '■'""'•I.  -1-      "'."li   ...in.iti,,-  .I.-,  i,„.,l  int..  nifhaiii.  ,1 

.  i.  r-v  the  m. hu  ll.. n  m..t..r  h.is  ,  .  rt.iin  i«.int.s  .,1  th.-rv  it.  .  ..iinn..n  ^^n\^ 
i.tiiuiuus-nirMit  m..t..rs  wl,:,  1,   l,.,v,-  l.,.n  towht-.!  iip,,i,  ,„   \',,|  |. 

p,.t:.-<  Chu  sv,/.)  ,m.|  in  th.'  .  .iiii.  r  <  ii.,iH  in  this  v..Iiini.-  (s.v  p.i^.s 
ii  /  ^.v  I-  Mill  lurth.T  in  th.-  i.rLff.lin-  >.•<  ti..im  ..f  thi^  .  h.ipt.  r  nutt.  r^ 
1  uiii.h  tiKM.ivtical  fiucsti..ns  haw  ari^^tn  In-..-  i,-.-,iv..|  .itt.  hii..ii.  1 1,,- 
I.  lit  siTtii.n  inn-t  he  re-. ir. If. I  as  s..ni.  wliat  Mi],p|.  ni.  iitarv  t.. .,!!  th.  -. .  ui.l 
•  n       ..niv      I.riiii:  .mt  a  ft-w  simple  [...int^  an.!  ni.'fh.Mls  of  tr.Mtni.  nt 

li  .lie  III   ;iilp..rt,illi  .■. 

I  !.,  lull  niathfinati.  al  thc.ry  of  tiie  in.lnrti  .„  m..t..r  is  v.  rv  .  ..nipii- 
at.-.l.  an.l  ha.  givn  ri...  to  a  v.,l„niiii,.i,.  ..  .  11,  ,,  .,|  niath.^iuat .1  lit.-ra- 
•i.n.  .hiotlv  hcoan-  th..  ,n.  tl,.,.|s  ..|  appr. .^m,atl.,n  bv  inakin-  a.Mmu.- 

will,  h  luslo.  t  th..  inlli„.n  f  .-.  rtaiii  small  fact..rs  are  alm..>t  intinit.- 

Ki  tli.  ir  varu  ly.    ha.;li  -n.  h  assumption  simpiitKs  tli.-  tli.-.,rv  aii.l  l.v  il  ,. 
i  M~h  n-o  ..f  vector  .lia^rams,  whi-  h  in  tli.  ni-.  K ,  >  .,tt..„  ,nv,,iv.-  iniM., ,  i.„',l 
-Muipti.,,,..  v.rs-  pivttv  ......m.tri.al  .1, 1,1, .n- trat  1, .-an  he  ,U.v.-h,p...l 

UK'  ..t  whi.  h  niav  iv,L;ar.li.l  a-  im  rc  uit.  il.Ttual  .\xer.  isos.  Th,  r..  ar.-* 
ii-vM Avr,  ..tli.T  .1.  iii..ii-.trations,  whirh  an-  of  t.mI  pra.  ti.  al  vain..  I„,fl,  •,.,,„ 
•!a-  p..int  uf  view  ..t  th..  .h'H.'n.r  in  pi.  ,l..t,in,i„iiu  Ha-  p.Tl,  a  man.  ,■  ..|  , 
'n..t..r  not  yot  .•.m^trn.  t,-,l.  an.j  ln,m  th.^  p..int  ut  vi.  w  .,f  tli.-  hm  r  wli..  l.y 
an,  ,.f  a  ft  w  ,impU.  t.  ,f-,  ,  an  obtain  data  from  whi.  h  th.-  jH.rf.,rmaii,".. 
I  an  a-  tual  ma.  linif  un.kr  various  .-.m.litions  can  In-  pr-.li.  t.'d  almost 
i>)  any  decree  of  iiipr.ixiniati.m. 

The  Circle  Diagram.   Mmv  ..f  th,,...  wli.re  pra.ti.  uiv  v,hni,|,. 
upon  what  is  kn.nvn  as  th..  "  .  ir.  !.•  diaj^ram."  whi.  ],  u„-  a  -t  put 
l  A  .1.1  hv  Alexamk-r  Hrvland  in  iSn.},  nn.l  .|..s.  rib,-.l  bv  him  in  hi,     .„  , 
■  kmc  Mclhodc  zr.  I-xf.-nmcMn  f  .,f.-r. .,„  I  Mt.n,..„,X,l-,  •• 
•t  that  .lat.'.    s„u,.  ,i„.„  ,i„.  cl.a.:;ram.  the  valuf  ot  wl.i.h  has  l,,..,, 
!ully  ro...gnised.  has  been  moditie.l  and  elaWatcd  by  many  writtrs 
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.^^  EijcriutiiY  i.\  THt.  ^f.Ki/c/:  or-  Max 

^vithont   .liMurbinK.   l-w-.r,  tlu-  un.krlv.n,  -i-npLcity  of  it^  fun.la- 

■""t,;!  iSnnn  ,  .u  In  .hawn  .  itluT  fr-m  exporimcvtal  -bta      In. n  data 

,1,  ,.,-;..„-  an  ha^'.l  hav.  n  xpUumMl  m  \  nl.  I  at  pa..  .■,4--  ' -  '  . 
llnm  iiMl  luu.  .,t  tl.c  dia,ra,n  rc,.n...nt.  a  compl.t.  smc  curve,  the  length 


|.;^  ;  ,.— The  Circle  l>iagr.im  DemonMiatcd. 

,u,  ,i,u.  ,,.,.c~,>ondin.'  t.,  th.  sHni-ampUtud.  uf  the  curv.,  r>r  more 
1  Ik  ::t....  .  L.  vahu.  .,f  th.  v.tor  ana  the  angular  l-;--^^^ 
line  dvin.'  its  pha>e  rebtums  with  the  >  nrve^  n  pn -onted  In  nth.r  l.m>. 

T.  h    ••circle  diagram"  Un  an  indu.n.n  nu....   nun  exp.-n- 

n.e,U  a     "  .w„  exp,nnun,V  have  tu  be  n.ule  ua  th«  cumplaed  mu  o  . 
j:^" tile  h..t.  the  m't,„  .  .un  Mui..  li.^t.  that  i.  wUh  .ts  ^.aft  «n  .ade. 
under  full-hno  volta.,.,  and  na.Hn.-  a,,    .ak.u        .  u  -  'J        "  ^ 

load  '  current  (r  )  and  the  nu-luad  watt^  (w,.)  supi.hed  tc  th    Ma  or  .  r 
prmur^  and  al^Lbed  by  ih.  motor.   Frotn  ilm.  known  .s  the  no-load 
test,  are  found :— 


Tin:  CiKcir  Diacram  ',^'7 


Tin  "  11"  I"  t'l  "  l>"«»'r  f.ii  tiT 


Tlu'  "  nn  load  "  I.iu    ^  ■ 
il,..  <i(«.iul  U-^t  is  known  a-  thr  -  ~t,tn.l-till  •        ■  I-,  k.  I  ■  t,  -t  :   in  it 
,i„-  rotor  i«  jamnu.l  >n  as  to  W  prev.ntol  ti..iu  r..t,>ti.iu  .tii.i  tU.  lull  l.n- 
V  ,lta-r  iH'ini:  appli.Ml    to  tlu'  stator,  iW  volt-.  "  st.m  l-till  nni-.n- 
i  till    •  -t..M.!-tiU"  watts  (wj  arc  attain  mfa-un.l.  and  tlRTo  arc 

•  M-  t-uu  1  ill  .I'Mition  ■  - 

w  . 

t  o>  <f  . 


lu  '■  ~ta.iil->liU  "  power-factor 


I.iiu'  Volt-  •  t 

1  „  1.,-r  nKichim's  it  mav  not  be  safe  to  apply  the  full  line  volta-.'  witli 
,„  rotoi- l'"k-l.  airl  in  thr-,  ,  i-e-  ML  h  a  r  v..lt  ,-:r  i-  :,pplir.l  a-  will 
~,  11,1  the  ii-nnal  tuil-load  .  iirr,  iit  thmudi  tlu-  i>nm.irv .  ,iirl  tlii-unrent  is 
measured.  Tlie  assumption  is  made  tli.it  h  id  the  full  vnli.,-,  i,,  ,  ii  ,,p;.lied 
th,  >umul  w'tiM  h.iv-  iuvti  ...rre-pondiiiclv  L'feater.  and  that  tlu  p-w.T 
l,.t,,r  w..uld  have  'nern  the  s.ime.  The  is  introdtl.ed  in  the  above 
,1,  nominators  because  it  is  assumed  that  C  is  the  line  .  urrent  in  one 
onlv. 

iK  iHiv,'  tir>t  fienerally  \fith  an  indm  tion  motor  nnd,  r  ordin.ir\  .  on- 
;  M  .11-  Mt~load  and  with  a  sliort-eireuited  rotor,  let  v  (Tic.  iM"<'- 
..  iit    '    oi  the  (onstant  R-M.s.  vohau.  v  ,,pp!i.  d  ,it  tii.'  tennin.il-  -1  tlir 

,•  ,,,.r  ;'  111  -thei  w..rd-.  the  volt.u'c  per  linilM,!  the  >tator  a>>umed  to  be  >t.ir- 
v...und.  ll  VN>  lu  -Ir.  t  til.  (.ill  ot  pot.  ntial  r,  k,*  due  to  tli.'  resi-tanee  k, 
,.|  each  limbol  th.'  -t.it. n-.  .i  .pi.iiititv  xvlii.  li  iiini-.'..m  in:..  Inn.  -  i-  .put, 
-11,11  e..mpare.l  v.  ith  V,  the  back  eU .  tn.ni.  .tive  l..iv,  .  lu  h  liinl.  ..t  111. 
-t  ,t..r  eireiiit  will  be  represented  bv  u.  ,.  whi-  ii  is  din.  tlv  opp^.^it,'  to  and 
,..jud  inni,i.:r.itn  1.  t..  V.    This  baek  eleetromotiv.^  (.t.  .-.  ,  i- , hie  t.  ■  th.>  tune 


(-:.v*) 


of  the  stator  flux,  with  which  it  i>  in  l.-uni;,'  .pndr.i- 


\.iriatioii  y  — 

an.l  tlu  ref..r.  thi-  ilux  i-  .  .-pre-ent.-.l  bv  a  ve- tor  i)  N ,  at  rit;ht  aiiKl. 
1  .  (.1,.  ail.l  le.i.liiiu  ill  pha-i  on  (m  ,  bv  X 

Draw  next  the  virtor  oc,  la,i,'i;ini;  in  i  i...-.  I'.hm.l  ov  .m  mv  V- 
■  1.  o,  an.l  represeminu  any  ciiirent  (,  on  tlu-  -t,it..r  .ir.iiil.  1  he 
,iM,t  .    in  the  n.b.r  .  ircuit,  it  being  asMiaud  th.it  the  number  of  turns 

•  I-  f,  !!..«■,  Ih.  -ul.-,mi  ■r....UT>  I  ami  J        u-".-iil>  ret..  L.  tlic  st.it..r  ..ml  r  .r^. 

.  v.;;,;    ,K,;.  .  ..       ...  etc..  "ill  ...ean  cumm.  f>     i.cc  ami  -  -Ma  ..  etc..  m  the  -.tat- 

I,  J,  f...      .  lii'.  I. 'trcspi.niiintJ'luantUici  ill  .lie  tni.^r. 

-  hJ-l'tv^^n'-  'l,,^t..,i,  tl.  .!ir..-ti..n  ..f  th.  ...l.ui-.n  ..f  ll..  v.- 1...-  i-  .■  ■U"'.-  ^'f ' 
r,  „  ,l,rL»;.,   'i.^  in  \.  1   1.  il'.u.^--  54U  't    ■/■>:    Mm>--  l''^'  '  ■  "''^  ' 

I :;  \, 1  ki;c,,  i-Jh. :  ..1  r.     .n ...i. .•..u„u.,-.i..5k«... ...  ..........um 

.  ;  x".  r  mVnTu  -.  "t'mLr.r.t  ■,«.,..,..«,  proui..!  al«a>..  tl.at  these  -iU.uU.u.,  are  ... 
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of  the  rotDr  rdmliu  ttirs  is  equal  to  that  of  the  stator  f omhu  tor^,*  will 
I  f  rciirost  ntfil  by  the  vector  oCj,  nearly  equal  in  magnitude  and  ne;irly 
i.|ip(Kite  in  direction  to  n  c,,  but  leadins  by  a  small  ansjle  »  on  this  reversed 
ilirr.  tioii.  \Vf  .-hall  .iiiu'  that  this  current  r_,  i-  in  plia-e  with  the  induc- 
tive t.M.F.  (C;.),  whicli  f^ives  rise  to  it,  an  a.-suniption  which  treats  the 
reactance,  and  therefore  the  inductance,  of  the  sljort-circuited  rotor  as 
nc;^liuilil''.  Tiii>  imhu  tivc  k.m.f.  is  set  up  by  a  portion  onh  nf  the  main 
thix  N,.  rince,  owiii.L;  to  the  exi-tcnce  of  the  air  and  t)ic  -eparatioa  in 
space  of  the  stator  and  rotor  conductors,  the  whole  of  the  flux  tine  to 
tlie  M.M.r-  does  not  link  round  the  rotor  conductors.  The  tlux 
N,,  for  our  ]>\npo>o.  may  he  resarded  as  divided  into  two  part*,  one  Nj 
which  links  round  llic  riitor  conductors  and  the  otlur  N  .  a  Ilux, 
which  lies  in  iniths  pa>>inL;  between  the  two  sets  of  conductors.  Now 
the  flux  Nj,  as  explained  above,  must  lead  t)0°  in  phase  on  o  Cj,  and  therefore 
ma\'  bi-  II  prcM'uted  by  i  vector  o  havinj,'  this  position  and  due  to  a 
I  oniponi  lit  o  (  „,  oi  the  stator  current  oc,,  which  may  be  desi  ribed  as 
the  "rotor  mai;neti^inj;  current."  The  otlu  i  and  <  mn -ponding  com- 
ponent (c,.,  c,)  of  the  total  stator  current  oc,  will  be  ccjual  and  opposite 
to  o  t  o.  Similarly  the  other  component  n'..,  which  with  o  makes  up  the 
total  tlux  ON,,  ma\-  bo  rtpir-rntrcl  by  .1  w  l^r  its,  in  jilia-c  with  and 
line  to  the  st.itor  current  oc,,  the  two  (ompoiieiits  o.\j  and  on.-,  when 
combined,  i^'iving  the  total  flux  on,.  Thus  Fit;.  783  may  be  reparded 
a-  ^iN-ini;  the  j)liase  rrlations  of  voltaL;c  itirrents,  and  thixc-  with  the 
rcl.iti\i'  iiui;;niluiK  s  ol  the  (  oniponents  of  tlie  two  l.itter  on  the  assump- 
tion that  the  resist.uice  of  the  stator  circuit  and  the  inductance  of  the 
rotor  circuit  are  practically  negligible. 

It  remains  to  prove  that  the  point  t",  lies  on  a  circle  (or  semicircle). 
It  will  be  iioticcil  that  the  current  vector-  ,ire  nc  ,.  the  stator  current, 
oCj  the  rotor  current;  oc,  has  two  ( onipoiunts,  oc,.,  the  rotor  magnet- 
isini,'  current  and  c„,  c,.  equal  and  opposite  to  o  c.j.  Of  these  the  two 
l,itt<  r  in  the  stator  combine  to  t;ive  the  .ictn.d  st.itor  current  o  c,.  In 
the  tlux  dia;;r.iin  the  vectors  are  tiie  total  tlux  ON,,  made  up  of  the  com- 
ponents o  X,,  the  rotor  flux,  and  o  n,.,  the  leakage  Hux,  Thus,  while  o  c  , 
proiluces  a  tlux  o  x„  the  current  o  c„  produces  a  proportionately  much 
lar^'er  flux  o  Nj,  since  the  flux  measurement  scale  must  remain  the 
>aine.  Now'  if  we  assume  that  these  different  r.itios  of  ilux  to 
current  in  these  two  magnetic  circuits  hold  for  all  values  of  o  Cj 
(that  is  for  all  loads),  it  follows  that  the  ratio  of  n,c  to  c  o,  which, 
geometric. lily,  is  the  same  as  the  ratio  of  n,  \  (  <i  S.,)  to  oi  , 
is  constant.     But  from  the  condition  of  the  equality  of  (•,  to  v  the 

*  H  llii^  c-.oiciiiioii  lie  r..ii  ,>.iti>tie<l  the  .ictu.il  current  .is^umeii  to  be  Howint;  will  lie  approxi- 
mately •  iljt.iineii  by  ct)u.iliiig  the  amf'ete  liinn  in  the  stator  and  rotor,  but  the  adjustment  makesi 
no  dihVrence  in  the  theory  propounded,  and  for  the  purposes  of  the  diagram  a  OMrrection  for 
viny  difference  in  th(  number  of  turns  must  I*  made. 


The  Cikcle  Diagram 


•!u\  o  N,  whii  li  produces  f ,  is  loii.taiU.  ami  the  line  o  x,  is  a  fixed  length, 
llie  point  c  is  therefore  a  fixed  pi)iiit,  ami  tlie  triatmli-  o  i  ..  (  aiid  (  i  ,  \, 
in-  both  rifiht-anpled  trianRles  staiuliiii;  <m  tix.  d  hav-.  o<  and  <  s,  re^-jur- 
■i\rh  .     The  lo.  1  of  i  „  and  i  ,  are  tlu  n  lnre  seniii  ir.  les  standin;^  <>n  the 
.iMic  l)a>es.    These  semiein  les  have  been  drawn  in  tlie  iliaKrani,  but  it 
>hi>nld  1k>  ex{)Iaine(l  that  for  clearness  the  semii  in  le  o  r..,  r  has  been  made 
!i  1  iri,'er  relati\-el\-  to  the  cither  si  inirin  If  than  it  apjirar^  ni  ai  tual 
1  r,ti  tin,  in  whieh  it  is  so  small  that  no  lari,'e  error  i>  iatrodui  i'd  hv  re- 
n  liiij,'  ccj  instead  of  c^Cj  as  the  current  tHjual  and  opposite  to  the 
^^  ontlary  current  Cj. 

We  are  now  in  a  position  to  deal  with  the  <  in  ],■  di  i-rain  ut  an 
.  t'l.i!  in.i(  iiiiic.  ami  lor  thi-  |iMrpii-r  wr  irpnidnr,-  on  Plate  XIII. 
the  Heyl and  diagram  .,f  a  I5<:-h.1'.  three-phase  induction  motor  havini; 
(i^ht  jToles  and  desii;ned  to  run  on  a  3,6oo-vo!t  50-cycIe  circuit.  For 
ti  l-  dia::i,iin  the  autiior  is  indebted  tn  Mr.  ]•'.  M. 
h  ntiiii.  111.'  statiir  and  rotor  aie  botii  star- 
I .  .iiiH  ' ti-d,  and  the  re-i-tam  es  (rold)  wiTe  I-2.S  olini 
,111  1  UUI36  ohm  per  phase.  The  experinK'ntal 
liit.i  are:  (i.)  Xodoad  test,  power  5.000  w.nt-, 
iinr<'nt  5'47  ampere^  per  jiliase,  power  fa^  tor  (  ■  ,.■> 
0147  =8i°J7');  (ii.)  ^tand-^tiU  (or  lucked) 
te-t.  kilowatts  54-8,  current  loO  amin-res  jier 
]■':  power  factor  ('o~  i;,  (i-i()0 
l  i-  line  volta:,'e  in  botii  (  ,i>f-  \\a>  .;.'io,,  \-o[t>.  imt 
\..'  -r.  uad  te>t  w.i-  ,ictu.iii\-  t.ikni  .it  hall-voltat;e. 

lo  draw  the  dia},'ram  the  base  or  llnx  line  o  n 
i~  tir-t  set  out  and  the  volt  line  n  t  at  rii^ht  ;inL;les 
In  it.  For  tlie  power  fac  ttir.  and  to  ,i\-.,id  tin-  u-.- 
(.1  tri:_  iiumi.trical  tables,  a  lari:e  seinit  in  le, 


marked  the  ■■  p.i-.  circle," 
i>  turned  on  o  T  and  its  diameter  divided  into  100  f.)r  a  percentage  sc  ale. 
It-  n-e  i<  expl.iiiuvl  in  Fi:;.  For  iii-tamv.  ii  it        n([nired  to  draw 

tin  I  inrent  vector  o  c.  wlio>e  power  l.e  tor  i^  40  per  cent.  (Cos^  -  ()-4), 
ti,(   liiu   (1 /j  (  -  40)  i.-,  turned  down  to  cut  the  circle  at  b,  and  o  B  pro- 


.   — ■  "  |-» 

.:uci;a  IS  the  required  vector.  Since  o  B  T  is  a  rii^'lit  angle,  it  is  obvious  that 

-  0.4. 


o  n 


(■o-,p  -  - 

(1  I  loo 

I)r  aw  now,  Plate  XIII.,  the  line  o  (  =  106  anipen-s)  tliron:'i  p  on  the 
?x.  circle,  for  which  the  power  factor  is  lO  f,  p^r  cent. ;  thi-  hue  n  pre-mts 
:i  .  v.  tor  of  the  locked  current.  Similarly  dr.iw  the  vector  o  c,  (  =.  5  47 
iperes)  with  a  power  factor  of  147  per  cent,  to  represent  the  iiodoad 
I  m  rent.  By  bisecting  the  line  c,  c,  at  right  angles  the  centre  of  the  Hey- 
l.iiid  semicircle  will  be  given  on  on.  and  the  semiein  le  r,c,  x  can  l>e 
ihawn.  fixins;  the  positions  of  c  and  x.  vector  »^uch  as  oc-  J:  wa 

101  "  ' 
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from  o  to  .1  point  on  this  scmicinli?  will  K'Vf.  on  the  >i\ilc  of  imipon  <.  the 
input  current  for  a  Kiven  load  ;  or,  if  this  input  i  inrt  iit  has  lar n  nuaMrtd, 
the  point  r,  ran  be  found  and  the  diacram  usi'd  to  deduce  a  number  of 
other  (lu.intitie^  lur  thi^  jMrtii  iil.ir  1( 

First,  the  jmwer-faetor  can  be  luiiiid  at  once  (sec  I'li;.  7M4I  Ir^m  tlie 
})oint  I',,  wJiere  the  vector  o  c,  cuts  the  P.F.  circle.  In  thi?  case  O  P, 
scales  off  as  a  power  factor  =  o7>  or  72  per  <'eiit.  Next,  since  C-,  x 
Com^.  <■;(•;,  ie.  the  vertical  line,  an<l  >ince  the  -iijipl vvolta«e  is  known, 
tliis  liiH'  <  .  (•;.  wliiii  ri  lrrred  to  an  i.i-ilv  ascertained  ^calc  rejirr-ents 
the  kilowatts  input.  ^  ,5  V-  v.  Cos  >in<  e  V;  is  the  limb  volta^ie  of  tlie 
star.  A  part  of  this  scale  is  shown  on  the  diagram  alongside  the 
ordinate  i  - 

i  he  no-io.id  l(i>-e^  are  eipial  to  tli;'  no-Icad  input,  and  are  tii.  rrtore 
measured,  on  the  i<ilowatt  siale.  by  tlie  ]iei:,lit  of  the  point  ( \,  above  tiie 
line  ox,.  Tliese  losses  con>ist  chiefly  of  the  hysteresis  and  frietional 
losses,  wliich  are  assumed  to  bo.  and  are  practically,  constant  at  all  loads. 
.\  lioi  i/oiit.il  line  drawn  thnui-li  <  p  ir.dlel  to  o  S  will  deduct  from  all  the 
input  ordiiiates  the  jiower  lo>t  in  this  u.iy. 

To  allow  fi  r  the  v«)ltage  droji  in  the  stator,  which  has,  so  far, 

been    neL;lerted,    it    -honld    be    rec  alle.l    that    C,  N,  rejire^rnts 

the  rotor  liiix  line  to  volta,!.;e  v.  Il  k,c,  ol  tiii-  voltage  b.  lost 
owiiiL;  to  the  rcsi>taiier'  of  tlie  >t.  t-i  ,  the  1(  iii^tli  (  ,  N,  inu-t  be 
reduced  by  an  equiv.dent  amount,  tor  the  pha~e  illation-  will  remriin 

nrai'tieallv  unehanced  :  thereture,  in  I'l.ite  Xlll.'it  (.  1;-  —  \i,C^y. 

'  "  o  \' 

be  deducted,  the  reiiuiinder  M-  \  will  be  the  mtur  tlux.  It  now 
an  arc  of  a  circle  be  drawn  through  c  E-  n  it  can  bo  shown  that 
this  are  i-~  tlie  1  icn-^  of  th'  puiiit^  i:  for  all  Ii>.uU.  l"or  r,-  e-  is 
proi>ortioiial  to  tli.it  is  to  oc.  or  to  c  c-  very  nearly;  but  the 
angle  cc-,  v..  is  a  right  ani^lo,  and  thus  the  ,ni;;le  i  i  jCj  is  a  definite 
Constant  angle;  it  follows  that  its  supplement  i  E,  X  is  also  constant, 
and  as  all  such  angles  stand  on  the  constant  chord  c  n.  the  jioints  e 
must,  bv  a  •  rll-known  yv  pertv  of  tlie  eirele,  lie  on  an  arc'  ct  a  c  in  le. 
This  arc  c  i;^  s  is  drawn  >o  that  the  pcjint  E  ei;ii  bo  lound  lor  any  load; 
its  centre  is  at  Ok. 

Now  the  tonpie  iniii.irti  cl  to  the  rotor  j-  pro]iortional  tt)  the  rotor  cur- 
rent (c„c,  of  l-'ig.  niultiplii  d  li\  the  lliix  EN,  or  ( -inee  c  r,  varies 
as  c„c,)  it  is  i>roportion,il  in  tie-  <  a<o  to  c  c,  x  E7N.  But  this  pro- 
duct, since  the  vertical  angle  of  the  triangle  c  E7  N  is  constant,  is  propor- 
tional to  the  area  of  th.it  triangle,  and  therefore  to  its  altitude,  since  the 
b,i<f  ('  N  is  (dii-t.int.  The  jiower  given  to  the  rotor  is  ])ror.ortional  to  the 
tonpie,  since  the  angular  velocity  (that  of  the  rotating  Ibi.x)  is  constant. 
Of  this  power  the  amount  cut  off  between  f,  and  c  N  is  expended  in  friction. 


Trs  Ciiici.t  Di*0K*M  or  *i 


wiiil.i-c,  li\-i  n-i^,  (t...  ,111,!  t|„  !.,I.in  f,  pioiM.rtii.ii.il  to  v.,  e^,  \v..itl,|  |,p 
lAp.  ii.lr  1  ill  (Irivin:;  \\w  in,  >  li.mi.  .il  I.m.I  .m  tin-  «ii.iit  ii  i,,t.it,  .l 

-vn.  hr..n..u>lv  with  flu-  flii\.  TIv  .i.  tu.il  }...«.  r  :,iv.  n  .liit  !i..\\,v.  i  .  is 
{hmiiii-linl  /-)■..  ;,(,'  (  !,\  ih,  -lip. 

lo  .ill'Av  lor  tlir  -hp  It  hi-  not.-,l  tiiat  tlif  \\\m>\v  ..|  tli,>  >■ .  v.ilt,i«.- 

Ml  Ih  ■  I -tor  of  an  in.Im  ti-.n  motor  i-.  ti-r-l  up  in  .Irivin;;  tlir  <  nrr>  nt'tliroi!)^li 
tii'  r.MM.iii.v  K,,  .iivl  tli.ii  thi-ruforr        u,,-,.    It  tlir  -p.rlot  i  .  v  r,  lativo 

I  '  tiir  rnt.T  UiIV  -\  IK  lirollolls,  V,'  -llollM  "  ^'  '-•  J  ■■, 

"'     -1"    1  "'  '  7  '    '  '  ilivc  to  tlir  rotor  i.  Ih,-  -lip,  .,,1,1  tl'i,  r,  |,,,,  ',|;,,  ,-,„j,, 
ol.        M.,i  .jto^KjN  K  ^^^i,  tl„.~lip.  ll.  tli.r.iorf,oiil>l,,t,  .\!||.Nv,.M.,k' 

1;;  V.  off     N  sudi  that  K,  r,  .  R.rj  x  '4^,  thrn  wv  know  that  '  ' ' ' 

1'    '  •  ON. 

,  -  s       o  v"'       "'■'P-  ■""t     I>r.>porti()nal  to  t  j  or  to  «  t  .,  tlu-n 

1 A  th.'  -aiiir  na-^oninL:  1„  lor,-  v.r  Uiio\v  ili.u  r.  li.-s  .,11  th.>  arc  of  a  cinlH 
t  m^liiiL;  o„     N      ,,  ,i„„,i.  ,.  ,,,,  j,^^.  .liaKrattj,  if* 

I  >  litre  bi-iii!,  o,,.    Sill!  f  '  "  '  '  i-;  tli<'  -liii 
i  -  \  '  ' 

1  7  N'       -\  111  liroiioii,  -peel 

I-7  N    ^     >ptctr<)f  .«halt 

aii'l,  thcrtforo, 

  '-T'':  ''t'': 

l'ou,  r -iviii  out  I     -halt  I  .N    ~  /; 

1|.  11'  r  i-jV;  npn  -flits  thi'  powiT.iiivcn  out  by  thf  rotor  tot  lie  >,ii,  ~,  It!,  it 
K7 .  7  rcpr.-sfnts  the  pow  r  nTL-iv.d  hy  Xhv  rotor.  Tlu'  s.  al.'  ot  l,.,i-r  pou.  r 
!  r  til.'  ii,;rtiMil,ir  /li.ur.mi  i-  iii.,vk.,!  ,it  il,,-  lioit,.;,,  ,,|  t;i.'  ..r.iin.itc  i:.,.. 
--111CI'  l.T  the  lo.  ki'.l  rot(,r  ilu  n-  1-  no  iiuvhaiii.  a!  outjnit  lor  the  point  r 
on  the  ein  le.  tlie  jx.int  v,  coinei.],-^  with  n.  ami  then  f,, re  c  n  is  a 
t.ini;ent  to  tlie  f  circular  arc  It  niii-t  not  1.,-  .  ,\ ,  1 1,  ,  ,k,  ,1  tint  1.,- 
-till  lepre-.Mits  the  tonpie,  an.l  iliat  the  -tan,i-.till  toique  i-,  .i^iwn'hy 
.  ,  .  whii  h  show.s  huw  smail  the  torque  is  for  the  enormous  primary 
'  urient  o  (■,. 

We  have  hy  no  means  exhaiKte.l  the  Ifevlan.l  diagram,  and  tlioiml,  the 
iiiv. -lu.ition  niav  appr,,r  lo,,::,  it  |m>  .i,.Iv  ,!,  ,ih  u.tii  the  mam  .pMnti- 
tlr-.  We  -li.ill  not,  however,  jnu-lle  tile  sui))e.  t  larther,  exc  ept  to  [M.int 
c  ut  that  there  is  one  point.  (  ,.  on  the  eir.  l,.  ,it  whirli  thc>  ve.  tor  .'r  iwn 
trom  o  is  a  tant^ent.  At  fln^  point  pou.-r  |.,.  t,,r  n  ,,  m  ,\iiiinin,  ;,ir 
ill  tlif  other  vec  tors  mii-t  lie  to  the-  ri-;iit  o|  Un-  vr.  tor  i^,  iii  !  ic  t, 

'  tiill-j.M.l  .urrciit.     i'i.e  ma\inniiii  output  i-  j^iven  hy  V.J\,. 

1-  r  t!io  madiine  deak  uitii  in  I'iatc  Xlli.  the  lollmviiiy  partieul  irs 
<  an  be  obtained  from  the  diagram  :— 
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Full-load  line  rurn-nt       ..  -    2i  amperes  per  phase 
,,       poswr  factor      ..  - 
„        slip  . .       ..  1-2     T  rent. 

„        uiitput     ..       ..154  H.P. 

elficivncv  ..       ..   =-    uj  per  cent. 
Overloa<l  <  p.i' itv   ..       ..    =      j-.j  times  full-load 
Maximum  lo.i.l  .  tiiM.'nry  ..        >*5  V^^  f**"*- 
The  conditions  of  tlif  .piantities  for  other  loads  can  be  ascertained 
from  the  following  scale  vahu-^^  - 

I  amiHTi-   -     012  im  h. 

lot)  Volt-   =     <»•<>-♦  ill'  li 

l(K)  iKT  cent.  i>o\vcr  lac  tor  . .   =     (>  o  im in  ^ 
1  per  cent,  slip      . .       . .  «     o-o<>  inch 
(  1  I  ]irr  I  cnt.  >lip  . .       . .  'iii'li 

10  kilowatts   o  i.,  i  iiK  h 

lo  horse-power  i.  i  |  j  ui' li. 

Some  of  these  siales  are  actually  ilrawii  on  the  pl.ilc. 

Pcrfortmmcc  Cuncs  from  Cinlc  liii>!irmi.—.\<  an  example  of  the  prac- 
tical use  of  the  diaf;ram  lor  pivdu  tiiiu  tiic  iKrtoiniancc  ol  the  motor  uikKt 
varying  conditions  of  loa<l,  \\v  give  in  TaM'-  N'llI  tli.'  n  .i<lin--  t  ik.  n  tioiu 
the  diagram  of  (i.)  input,  (ii.i  output,  (lii.i  '■tficiency,  (iv.)  ua^\w  as 
citc-.ilatr.l  f.>r  >viii  Innii.iii-  -ih  .'d,  piiwcr  fac  tor,  (vi.)  >li|'.  u'^d  (vii.) 

speed,    ilic  lu-t  lioii/Mulal  liiii   ol  llh   di.ii^rain  i;ivc>  tln'  pa  ticulars  of 

T.M4.K  VHI.— I'ATA   I  KOM  (  IRc  I.K.  DlA  .KAM   K'K  THReE-I'IlA^E  I.Nbl'CrlON 

Moi.iR.  150  II. r.,  s  I'oi.r,  .5.630  \oi  r 
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till'  "  locked"  rotor  t. -ts,  and  tlie  la-t  lic.ti/oiit.d  line  those  of  the  "no- 
load"  te>ts  ;  it  will  Ik-  reiiieinlH-rcd  tliat  it  is  from  these  tests  that  the 
diatrram  has  been  built  up.  Thc-se  data  are  plotte-'  5  curves  in  Fig.  -j^^, 
in  which  the  output  calculated  as  horse-power  i      jtted  horizontally  and 
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III'  f.thri  f.K  td-  M-rtiiMlK'.     ill.'  iiiiM-  th.  I'll'!--  ^Iii.u   the  r''.-"ins 
ll.r  utlic  r  i|ll.llltitit^  tu  till'  uutimt,  tli.-c  Ixill;;  llio  nl.illr.tH  \Vi  all 

•t  m«>«t  intmst  tu  u-i  r-^.   Tlif  mrvis  ni.iv  W  t;ik«  n  a*  t\|>ii-,il  „i  tin-  nor- 
iMriiiani"'  nf  k<"k1  ini.'li  rii  imliii  ti< >n  ii..t,.r-  mth       11  .  11.  uit.  .1  i.. ti  t- 
It  >hnijl<l  lx>  Utuv  ill  ininil  tli.it  the  111.  ti  i  iunl<  i  >  i  n-iili  r.ith  n  w  1 
liir  an  output  of  150  11. p.,  ami  thm  fori"  the  partn  nf  all  rurvcn  to  tlu'  ri;;!it 


h'..-.  :;;.-rcrf....  i,.,.Ke  C::!V.-,  „f  :  - -n.  .  Ii.lii  :  i  ,n  M  .lor. 

C'f  tlie  130-11. 1'.  lint-  .Ic.il  with  tlie  iii.itdr  wluii  iiiiinii)g  on  .111  overlo.nl. 
riie  oirvcs  wiU  repay  can  ful  stiuly  in  the  light  of  the  particulars  of  induc- 
tion nKjtors  given  in  the  preceding  papts. 

The  Circle  Cocificienl.—X  cursorv  glance  at  the  circle  di.ii^r.un.  a-;  set 
out  on  riate  XIII,,  will  -,liow  th.it  the  rel.itive  values  of  the  variou-,  lines 
or  qu.iiitities  dealt  with  in  the  diagram  are  intimately  associated  with 
the  ratio  of  o  c  to  c  s,  and  that,  as  a  matter  of  fact,  if  the  length  o  n  be 
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fix.  1  \vl.i.!i  i-  a  qu.-ti.in  of  scale,  and  this  ratio  he  known,  the  whole 
diam.un  .111  1h     onu  tri.  ailv  constructed  if  the  resistances  and  number  of 
turn^  Ik-  ku-.wii.    Tl,e  ratio  ref.rre.l  to  i-  kiinwn  a-  the    circle  cefticicnt 
or  the  "  circle-ratio"  ;  it  is  usuallv  denoted  bv  tiie  l.reek  letter  n.  and  is 


defined  as 


O  (  ,  111  . 
(  N 


XllL). 


The  practical  import.mce  of  »  lie.  in  th.  fa.  t  that  altluMiuh  it  is  not  call- 
able of  exact  predet.nniiuition.  it  can  be  calcuk't.d  t..  a  -nttuunt  clo-.n.s- 
of  appn.viniation  from  design  data  to  enable  the  perlonnance  of  a  m.>t..r 
to  !).■  predi.  t.'d  from  such  data  befori^  the  motor  is  built  and  available 
for  experiment. 

It  is  not  surprising,  therefore,  that  workers  at  the  th.oiv  of  th.'  in- 

(liu  li. 'U  ni-t.ir 
have  devoted  a 
great  deal  of 
att.'iitioii  t.i 
methods  of 
calculating  ir. 
Am'>nt;-t  tlu>.' 
work.  i>  may  b.' 
m  .■  n  t  i  .1  n  I-  .1 
Bchrcnd,  Behn- 
Eschcnburf 
Hobart.  r.i.d.r 
m  a  n  n  ,  a  n  il 
others.  From 
what  lias  iH'.n 
saitl  above,  in 
descril)ing  how 

the  diagram  may  be  constructed  and  iiiti  rpn  ted  from  experimental  data, 
it  will  be  realist".!  that  the  niau'n.  tic  li  .ik.i:;.'  between  stator  and  rotor  is 
physically  the  .1.1.  rininiiiL;  la.  tor.  and  tlu  r.  foi.'  it  imii  lia.l  a  fixed 
permeability  for  all  lluxes  tlii-.  leakage  might  be  readily  calculable.  We 
know,  however,  that  jk  rnieabilit\  is  a  variable  quantity,  and  that 
therefore  the  ratio  ol  tin  l.al.ii,''  tlux  to  tli.'  total  tliix  of  a 
particular  motor  will  vary  under  diiiirent  coiuUtions.  Tlii>  onstitutts 
the  main  difficulty  in  the  predetermination  of  v,  for  which  the 
chi.  f  data  nrr  tlie  .1.  pth,  wi.ltli.  and  nuinb.  r  of  the  slots,  the  radial 
length  of  the  air  gap,  tli.'  cor.'  Irngtli.  tlu  i)i.!,,r  span,  and  minor  points 
which  affect  the  inductanc.  i<\  \\w  cinnit.  Vaiion-  inetliods  and 
formula;  have  iieen  proposed,  and  Hobart  in  his  book  on  "  Electric 
Motors"  tabulates  the  residts  of  seventy-one  cases,  of  which  twelve 
refer  to  sqtiirrel-cage  and  fifty-nine  to  slip-ring   motors.    Of  these 
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in -'tors  twenty  (six  sqiiirrol-caijt  j  were  Miiall  ami  twelve  (all  slip-rinp)  were 
ji!-r.  the  remainiiiK  thirty-nine  In  iiii,'  (,l  meilium  r-ize.  The  tlifterenc.s 
i.etween  the  observed  values  of  a  and  the  autlior's  meth^^J  of  estimating 
these  values  arc  carefully  analysed,  and  the  student  who  is  interested 
consult  the  table,  tiie  rt]>rn(hirtii)n  of  wliicli  wniilil  rarry  us  beyond 
till'  limits  of  this  book.  It  may,  however,  be  meufioiied  that  the  values 
ot  fT  for  the  twelve  scjuirrel-cage  motors  vary  from  0  030  to  0-083.  whilst 
for  the  fifty-nine  slip-rius  motors  the  variation  is  from  o-ojj  to  o  i;f).  but 
for  only  «  isht  of  th.  fifty-nine  is  o  above  o-ioo.  The  va..  of  <t  for  a 
-  jtiiii.  l-c  motor  is  taken  by  Hobart  as  being  0'8  of  the  value  for  a 
-lip-rini;  motor,  for  which 
th>'  other  data  are  the 
same. 


v.  — I'ii.'.Vl'lIASK  roMMU- 
TATOK  MOTOKS 

These  motors  derive 
tlnir  (U'Siiijitivr  title 
troni  the  fact  that  their 
roto«'s  consist  of  ordinary 
nif inui  ms-i'urreiit  arnia- 
tnrcs  provided  with  a 
((immututor.  Tin'  stator 
is  similar  to  that  of  an 
ordinary  three-phase  in- 
ilu'iiiiii  motor.  As  al- 
ri\n!y  mentioned  (m.v  page 
OSo).  they  fall  into  two 
ivMin  types,  namely  (i.)  those  in  which  an  external  voltaf,'e  from  tli( 
-apply  circuit  is  impressed  upon  the  armature,  the  connections  to  the  supply 
nn  uit  being  either  a  series  or  a  shunt  connection  ;  and  (ii.)  those  in  which 
the  armature  revolves  with  the  brushes  short  circuited.  The  last-named 
,ire  gcnerallv  knf)wn  as   •  repulsi.  n  "  motors. 

In  view  ot  the  l;iet  that  one  ot  the  great  advantages  of  alternate-current 
machinery  is  the  absence  of  the  expensive  commutator  essential  in  con- 
tinuous-current working,  it  would  appear,  at  fust  si,t;ht.  that  the  deliberate 
iiu orporation  of  a  commutator  in  an  alfernatt-current  motor  is  a  dis- 
tinctly retrograde  step,  as  adding  to  the  prime  cost  of  the  machine  and 
also  bringing  other  well-remembered  troubles  in  its  train.  So  varied, 
however,  are  the  uses  to  which  electric  motors  can  be  put.  and  so  diverse 
the  requirements  of  service,  that  advautatjes  of  speed  regulation,  conveni- 
ence in  starting  conditions,  high  i)ower  factor,  and  other  matters  may, 
and  in  one  way  or  another  do.  con»biuc  to  ituder  the  polyphase  commu- 
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tator  motor  the  best  sohition  for  particular  problems.  Put  otherwise, 
it  may  be  said  that  the  (kvelopim  nt  uf  tlie  rununutator  motor  is  due  to 
the  ascertained  limitations  of  the  iiuluction  motor. 

Series  CommntatOT  Motors.— The  general  appearance  of  one  of  those 
motors,  as  nianufactiired  by  tlie  Sicinens-Scliiikert  Werke  (•' S.S.W.").  who, 
following  Messrs.  Sieim  ns  anil  Halske.  have  been  jiioneers  in  their  develop- 
ment, is  shown  in  Fig.  786,  which  is  an  illustration  of  a  uo-n.ii.r.  n.otnr 
designed  to  run  at  750  k.p.m.  on  a  2,000-volt,  30  fu,  three-phase  einuit. 
There  are  three  brush  spindles  for  each  pair  of  poles  of  the  machine, 
and  speed  control  is  obtained,  as  will  be  <  xi.lainc  il  jnesmtly.  by  lorkin,!; 

the  l)riishis.  llie  perlnrniaiice  inivis 
for  this  motor  arc  given  in  Fi^.  787.  in 
which  ((/)  speid,  (b)  output,  ((.)  erti- 
ciency,  and  ((/)  power  factor  arc  plotted 
as  percentages  of  tlnir  normal  values 
against  torque  similarly  plotted.  It  will 
be  noticed  that  the  power  factor  is 
practically  unity  from  40  jut  criit.  of 
full  load  up  to  full  load,  ;'.nd  only  -inks 
to  0-9  for  a  65  per  cent.  o\  erload.  The 
speed-torque  curve  is  similar  to  that  of 
a  series  continuous-current  motor  (see 
Fi!,'.574,  page  604. Vol.  I.), though  tln^  range 
is  not  so  great,  being  from  140  per  cent, 
to  80  per  cent,  of  normal  speed  between 
the  aliove  limits.  The  efticienry  \'.uirs 
bt'twi'cn  80  anil  85  per  cent,  hi  twtm  tiie 
same  limits,  which  is  tairiy  !.;i"m1  but 
better  results  can  be  obtaimd  with  an 
iniluctiun  motor  [sec  Fi;.;.  77O.  pa,L;e  7=17). 

riie  connections  of  sitcli  a  motor  to 
high-voltage  mains  are  shown  diagram- 
matically  in  Figs.  7,^8  and  789.  For  reasons  similar  to  those  which 
hold  with  I  cintinuous-rnimii  lu  raloi  -  .nul  nioiorN.  diiiy  a  compara- 
tively low  voltage  can  be  used  un  the  commutator  oi  the  armature. 
These  reasons  do  not,  however,  apply  to  the  stator,  and  therefore  the 
n>cessary  step-down  f ran-tormcr.  wiirre  the  stator  and  armature  arc  in 
icries,  which  is  the  case  with  whi<  h  we  are  now  dealing,  can  be  placed 
either  betwe.-n  the  mains  and  the  -tator  as  in  Fig.  78S.  or  between  the 
stator  and  the  armature  as  in  Fig.  789.  In  both  iigmes  M,  m.  m  are  the 
high-voltage  mains  and  T  is  the  step-down  transformer;  g,ii,,  om^,  and 
Gatij  are  the  terminals  of  the  stator,  K  is  the  comnuitator.  and  r,  v,  \v  are 
the  brushes,  there  being  three  sets  of  brusiies  to  eacli  pair  ut  poles.  The 
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I )1. 11  ill?  of  the  transformer  hctwi'on  tlii>  stator  a.ul  tin-  aiiuatrin-  cnaMfs 
I  ^inalli  r  tiaii-tnnnri'  lo  be-  ii--nl,  ,i>  it  li.is  only  tn  liaiiillc  llir  i  iui,i;\'  >\\\>- 
plird  to  the  armature,  wlierias  in  tlie  other  ixisitioii  it  nmst  handle  the 
whole  enertiv  supplied  to  the  motor.  On  the  other  liand,  the  arrangement 
:;i         jSti  icijiiiii  -  ,1  liii;li-\-oltaf,'e  wiii'liii^'  on  the  stator,  and  this  may 

iiiorr  I  ostly  than  .i  low-\  olt.iL;e  w imliiiu;. 

-ri  nil,'  a  .greater  raiicc  ol  -pi  i  d  than  tiiat  ii  lfmd  to  above,  a  second 
>it  ol  brushes,  wliich  can  be  roiked  independently,  is  sometimes  placed 
on  the  immutator.  Tliis  cnmiihVates  the  meehnnical  design,  and  in^ 
.n  .i-t  -  tin  lo~-(-;  due  to  l>ni>h  liiction  ;  but  it  renders  it  possible  to  run 
It  any  speid  from  dead  ^lo\\•  to  con- 
-ideralily  over  tlie   normal   speed    at  ' 

jiMil.  Such  a  motor  is  >-lio\\n  in 
I  7()o.  h  i^  trom  a  photojL^r.ipli  of 
a  50-B.H.i'.  motor  designed  to  run  at 
I  normal  >peed  of  750  r.p.m.  on  a 
so  «\»  circuit,  but  with  a  speed  range 
troni  40  to  1,000  K.i'.M. 

The  mode  of  action  of  these  motors 
lepends  on  ]>rinciples  already  discussed, 
.n  i   may  br   rc.iililv  (Apl.iincd   in  ,in 
I  MKiit.iry  niaiuu-r  .1^  loil.       tlie  1  a~i- 
I  ,1  three-phase  motor  !>rii  ,  t.iken  .1-; 
Luini;  the  most  usual.     I  he  >tator  brills; 
wound  hke  the  '^tator  of  a  tliree. phase 
,:i  ln.  tiiin  motor,  produ'  t  -  ,1  rr\' h  iiii; 
iii.i^^netic  held  of  tlu'  ile-i.i^ned  polarity 
when   su])plied    with    the  ap})ropriate 
•Li' '■-]ih,i^r  (  uirrnt~  in  the  u~iial  wav. 
!i  now  ,in  ordinar\-  <  |o>e(l .  ireuit  continu- 
oii-i  uirent  armature  be  supplieii  with 
tlirte-phase   currents  throUL;h  bni^lus 
-p."  cd  so  as  to  i.;i\  e  the  >ame  number 
;  I  I'ole-;,  i.c,  jilaieil  12(1  elei  trieal  degrees  apart,  it  will,  whe  ther  ilie 
irni.iture  be  stationary  or  rotating,  give  a  magnetic  held  of  ^milar 
jMilirity  rotating  at  the  same  speed,  and  with  a  definite  space  relation  to 
'he  lot.itinj.;  held  of  the  -t.itor  depeiiilini;  iiiion  the  jio-ition  of  the  brushes 
or  (oils  under  commutation  with  re^ptet  to  that  lield. 

One  of  the  pos>ible  and  usual  nietliods  of  connection  for  tlie  spiond 
-et  of  l>rn~lies  is  >howii  '  i  hii^.  701.  in  which  the  >tep-dow!i  tran-fornier  is 
I'etweeii  the  mains  ,ind  the  mot.  r.  In  -ohk-  de>ii,'ns  both  sets  of  brushes 
can  be  rocked  independentlv  ■  r  toother;  in  others  one  set  is  hxed  and 
the  other  is  movable,  and  is  used  uh^iie  for  regulating  the  speed,  if  sup- 


Fig.  785. — Conn^ctir.:^  of  Srrie^  Commuiator 
Motor  direct  to  Miiins. 
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pli;>l  with  currents  derived  fn.m  tiie  same  supply  eireuit.  If  I  "th  s*ator 
and  armature  in  their  proper  rdative  positions  be  supplied  with  ihe--e 
three-phase  currents,  then  the  two  fields  uill  be  superposed,  but  tliey  will 


Fiir  y,p._S.s.\V.  Three-phase  Scries  CvniimuWtijr  Motor,  with  Double  Sets  of  lirushes. 

Still  both  rotate  at  the  same  spec  1.  pit  -t  r\  in,u  an  invariable  time-phase 
relation.  In  addition,  however,  to  tiie  phase  relation  in  respect  to  time, 
^^^^^^^^  there  is  the  phase  relation  with  respect  to  space, 
^1^,1^—"  determined  by  the  positions  of  tiie  lines  of  hru>he- 
^~VT"^^"  with  respect  to  the  leadinf;-in  points  in  the  stator 
J  I  L  rirciiits.    This  space  phase-difference  can  therefore  be 

kkk  altered  hv  roc  kint,'  the  liru~lii-.  for  .vliieli.  if  the  anipere- 

turns  on  tlie  st.itor  and  armature  are  equal,  there  is 
one  position  in  wliu  h  the  two  fields  would  neutralise 
one  another,  and  the  torque  between  the  stator  and 
the  .irni.itiire  would  be  zero.    With  the  brushes  exactly 
iSii   from  this  po-ition  there  would  a;,'ain  be  no  tonjue, 
for  similarly  directeil  currents  would  be  opposite  one 
another  always  over  the  whole  peripher\',  the  two 
mai^netii-  tield-  roincidint,'  and  reinfo-rini;  one  another. 
In  all  other  pi»itions  of  the  brushes  there  will  In-  a 
resultant  rotating  magnetic  field,  which  will  intei- 
■K  f   w  ith  the  currents  in  the  armature  and  tend  to 
cause  the  latter  to  rotate.     It  has  already  been  remarkeil  that  such 
rotation  has  no  effect  upon  the  space  positions  of  the  rotating  armature 
field. 


—  ( ".ninr»ti"tis 
ol  S>.W,  Motor, 
with  Double  Set  of 
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In  the  {on-gi'ing  clemt.'ntary  nniarks.  secondary  ellerts,  sucli  as  ni:m- 
netic  leakage,  the  currents  in  the  roils  short-rirrnited  hy  the  linishes.  coppi  i 
Mv\  iri'ii  .'i--i's.  ctr,,  Iiavc  hecii  iir^ln  tcjl.  Whilst  tlic^r  sfrondarv  effects, 
u!i"r  inv.  -tii,',itiiin  wmilil  loa-i  ii>  t""  far  iiitu  t!"'  iii.itlnni.itii  s  of  the 
-iil'jr.  t,  inav  e\  iil('ntly  he  inipurtant  in  dcti  rmiiiii-.u'  tin-  limits  witiiin 
wliiih  a  useful  or  efficient  mechanical  eflurt  laii  1><-  ciiitainei!  by  nxkiii:; 
tin-  brushes,  it  is  evident  that  there  must  be  manv  piwitinns  of  the  latti-r 
wlii.li,  in  a  projxrh- ilc-i;,'iii'd  inntivr.  will  tin-  ilc-ind  ir-ult~.    '!  he 

rrlation  hetwetii  the  brush  pusition  and  the  t(>r<iui'  is  cshiliitiil  by  the 
l  urvvs  in  Fig.  792.  In  these  curves  th^  angular  position  of  the  brushes 
1-  i'l.'ttrd  Iidri/.nntallv  in  clcrtric  al  di'L;rrf<,  and  the  t^npie  vertically.  The 
zii  >  I'lr  the  horizontal  sialc  is  taken  tri>ni  tlu'  bru~h  po-ition  in  which  the 
n.i-iutii  (11  Ids  are  in  the  same  phase  position,  and  are  therefore 
.,  Iditive.  Ihe  maximum 
tnr  |Uf  is  attained  with  the 
I'i:i-1;  -s  Iron;  this  /iro, 

and  this  is  the  position  used 
for  starting  the  motor.  The 
running  p<i>itinn\\ith  normal 
tcrqtu'  is  with  the  bru>lu's 
1 3'!-  from  the  zero. 

The  speeil  can  be  varied 
bv  altering  the  position  of 
till  bru-hcs  (.r  bv  varying 
tlu'  tirniinal  pressure,  but 
the  first  method  is  the 
-inipler;  the  second  inctho<l 

involves  the  use  of  costly  api>aratus.  the  great  advantages  claime-l  lor 
(hi-  tvpt-  of  motor  arc  the  great  ranm-  of  -in-.d  po-iblf  and  the  ea-e 
with  whiih  it  can  be  controlled,  and  that,  with  a  sinnlar  speeil-tonpie 
char.u  teristic,  the  control  is  more  economical  than  in  the  case  of  the 
ci  mt inuuus-current  iin 't  1  ir. 

This  type  of  motor  i-»  alM)  very  lU  xible  in  its  adai^ability  to  the  W(;rk- 
ing  requirements  of  various  rather  diftuuL  industrial  power  application.s, 
and  if  space  permits  we  ^hall  irfcr  to  -nnic  of  these  later. 

Shunt  Commutator  Motors.  I  hcse  have  been  de\,  loped  by 
Wintcr-Eichberg  for  threc-pliaM'  working.  They  have  a  si,ccd-toriiue 
characteristic  similar  to  that  of  a  shunt-wound  continu(-us-current  motor  ; 
in  other  words,  the  maximum  sjieed  is  attained  when  the  motor  is  unloaded, 
and  falls  off  slightly  onlv  and  gr.idnally  along  a  sliaight  line  as  thv  load 
is  increased.  This  is  advantageous  in  certain  applications  where  a  nea'-ly 
constant  speed  is  desired.  The  connections  arc  sh<wn  in  Fig.  70.] ;  as 
the  two  circuits  are  quite  independent,  a  transfor  er  is  only  inserted 
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between  the  armature  ami  the  liifjh- voltage  mains.  The  no-load  speed 
can  be  adjusted  by  v.irxiiii;  tlic  ]irc^-.iiif  (ui  tlir  bni-ln-,  by  tappint;s 
on  till-  stcoiidarifs  of  tlio  traii>fiirnn.T.  The  motor 
is   manufactured   by   the   A.   E.   G.    Electric  Co., 

I.iniittil,  ,111'!   ill   ^niiir  nl    it~  iniMliticaticiis  ilie  cur- 


the  ^tator  \viii(liiii;~.     In  nt'u  r  in(i;liti<  iitinus  the  cur- 


Fijf.  — Illltri-ti<iii 
S!..;;iL  (Jullimutatur 


rents  from  the  transf  jrmei  are  led  through  "  compen- 
sation "  windings  on  the  stator  before  re.ichinf;  the 
bni-hi 

In  a  more  recent  type  of  three-phase  shunt  comnui- 
\\"u,T  t''**"^  motor,  Schrage  dispenses  with  the  transformer  of 

bi;,'-  70.',.  .111(1  ft't'il--  the  -iiiiply  i  iirreiit  •lirect  into  a  delta- 
connected  primary  wiiidiii:;  r  on  the  rotor  thron,i,'li  slip  rinijs,  as  -Iiowii  in 
1-ii,'.  794.  A  secondary  windin-  \<.  wliidi  may  be  called  the  regulating  wiml- 
ing.  is  connected  to  a  connuutator  not  shown  in  the  diagram,  to  which  three 
pairs  of  brashes  are  applied.  Each  pair  of  brushes,  such  as  ir,  ft,,  is 
,  >  ^luiectei  1  to  one  <if  tile  ]ili,i-e  \vini!iiig>  oil  tiie  ^tator.  the  tliri  e  windings 
of  uliuli  are  thus  delta-connected  together  through  the  commutator 
and  a  si-ction  of  the  windings  r,  and  it  is  these  sections  which  act  as 
the  compensation  \\iniliiig>  in  the  other  form  of  ukm  i.ine  Of  the  three 
jiairs  of  brn>lie>,  rf,,  d.,,  and  .ire  carried  on  one  bru>h  rocker,  and 
h,.  ,nid  /.,  on  another.  The  brush  mounting  can  be  seen  in  Fig.  795, 
whi' li  is  Irom  a  photograph 
of  a  Schrage  motor  as  built 

the  Alllll.imia  ."^X  ell^k.l  I'^lek- 

tri-ka  Aktiebolaget  ol  .sweiien. 
When  the  two  brushes  a  h  of 
a  phase  stand  on  the  same 
commutator  bar  the  stator 
cils  are  --Iiort-ciri  nited,  and 
the  machine  nms  as  an  in- 
duction motor  at  a  little  below 
■-MK  hronous  ~'  ■].  J!\-  -ep.ir- 
ating    the    1..  in  <<no 

direction  or  tli<  ther  the 
machine  can  be  made  to  run 
at  a  great  variet\-  of  -peed-, 
r, inking  from  50  jK-r  l  eiit.  be- 
low to  50  per  cent,  above  synchronism.  The  no-load  speed  at  which  the 
motor  runs  under  these  conditions  is  given  by  the  equation 

60  f       Tc  ±  T. 


F'C*  794.  -Counfct'nn*;  of  S.:hia;;t:"^  Thr^^c-p!; 

'..  ointniitator  >fotor. 
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wliprc  /  is  th<'  frffiueni  y,  p  the  niimlxT  of  pairs  of  polos.  T,  the  niimher 
■  luin^  in  (Ml  h  nf  tlir  -in  , ,ii,!.irv  wiiidiiii;-  s.  .ui'l  T„  tin-  mmihcr  of  I'thv. 
lur  turns  iu'twocn  vm  \\  ut  tin-  pairs  of  bnisju's  .( //.  Wlu'n  i(  aiml  //  min- 
'  1  Ir  Tp  =  o,  and  n  is  the  synchronous  sjieed  of  an  inrluction  motor.  Tlie 
l)rii>ii-r.liiftinf;  arranRements  are  necessarily  <  iiin])liiMti'il.  a-  ran  !><•  »een 
in  l  ii;.  795,  which  shows  a  i2-jMile  motor  wiii-  ii  nnis  nt  trom  -m. >  t<>  S(m> 
1:  I'M.  on  a  Jo-cycle  zao-volt  circuit  with  a  maximui..  ojjtptit  of  about 
V'  ii.i'. 

For  each  position  of  the  hnishes  the  machine  has  a  dronpint;,  slitmt, 
I  haractcristic.  with  an  incrcasini,'  power  fai  tor  a~  tli.-  lu.i  l  nn  rLM-f~. 
l  or  t    •  lowest  speeds,  however,  the  power  factor  is  very  low,  and  the 


^t-  ?9!.— Schrage»  Thrte-phjut  Shunt  Commutatot  Motor. 


-jieed  regulation  poor.     The  prime  cost  of  the  machine  itself  is  hish,  but 

a-  it  is  --elf-iDiitaincil.  ancl  rc.juin'-.  nritln  ,-  traii-lornii-r--  nor  « \prii~iv( 
-tartt"--  ami  controllrr-.  the  prinu'  c  o-t  ot  tin.'  total  cquipnicnt  h  lower 
tli  iii  in  M>mi'  otlu  r  -\ -trni-. 

Three-phase  Repulsion  Motors.— In  the .  omnmt  itor  motors  we  havi 

lu-t  describeil  currents  from  the  >ui)ply  circuit-  arc  intnuhiciMl  into  the 
armature,  where  they  are  -uj-'erjio-ed  ujioii  in.hiie.l  ciureiit-.  .  a\i-ed  l)y 
the  variation  of  the  ma^;netic  tield  in  wlii'  li  tlu  armature  conductors  are 
placed,  or.  to  put  it  otherwise,  where  thev  are  moditied  by  inductive 
I  M.l".-  >et  up  in-  the  -aiue  (  ,iu-e.  In  Ilie  iiidm  tioii  motor  the  whole  of 
\\\'-  current-  in  tin-  rotor  are  indu<  ed  current-  llowini;  in  the  circuit-  cd  a 
sijuirrel-i  .i^;e  windiiiL;  or  in  the  more  detinite  1  ircuit>  ul  a  wound  slip-rint; 
rotor.  In  the  repulsion  motor  the  slip  rin;,'s  of  t!ie  w^^e.iid,  v^if-v  ■■•■{ 
induction  motor  are  replaced  by  a  commutator  on  whii  h  ,ue  pl.ue.l  l>ru-he% 


78j 


interconnected,  so  that  if  such  cunm<  ti.>ns  were  made  in  a  cuntinuous- 
current  inacliine  it  would  be  short-circuited.  The  general  effect,  there- 
fore,  is  tliat  tlie  induce.!  currents  are  constrained  to  flow  in  more  definite 
paths  tlian  in  a  scjuirrel-cage  winding,  and  the  interaction  In  tw(  (  n  tfuso 
currents  and  the  magnetic  fluxes  causes  the  armature  to  rotate,  anil  tlius 
lead-  to  .1  .  niiver-ion  of  ele<  trie  into  mechanical  energy. 

.Many  \ears  ago  the  repulsion  motors  which  were  built  were  single- 
phase  motors  to  which  we  shall  refer  later  ;  but  more  recently  A.  Hcyland. 
who  has  for  many  years  been  a  pi.)neer  in  alternate-current  motor  work, 
has  constructed  three-phase  repulsion  motors.  In  the  simplest  of  these 
motors  the  stator  is  fed  with  ordinary  three-phase  currents,  and  the  arma- 

ture  is   supplied  with 
three   jxiirs   of  short- 
circuited  or  connectetl 
brushes,   as  shown  in 
Fig.  79O,  which  ciosely 
follows    one    of  Hey- 
land  b  figures,    but  is 
drawn  for  a  four-pole 
instead  of  a  two-pnie 
field,   and  therefore 
shows    six    pairs  of 
shfjrt-circuited  brushes. 
The    stator    is  not 
wound  in  quite  tlie  same 
way  as  an  ordinary  in- 
duction  motor  stator. 
wliicli,   as  rejire^rntel 
in  I'ig.  jtjit,  would  ]ir:i- 
tiel.j.  as  explained  elsewliere,  but  with  a  (  hord 
definite  poles   in   .acli  half  of  tlio  machine. 


Fiij.  7i6.— Cjnneeiioni  of  a  fhree-ph««  Four-pole  Repulsion  Muter. 


dure  a  t\\"-po!e  rotating; 
winding  proilucing  three 

Wlien  th'  'ine  currents  flow  in  this  winding  tlu  y  pr<i  luce  a  magnetic  system 
<if  three  Mi])er-inipused  alternatini,'  field-  with  their  axes  in.  lined  to  one 
anotiier  at  ijo  electrical  degrees.  The  sliort-circuiting  brushes  are  placed 
so  tliat  the  angular  distance  spanned  is  a  little  less  than  120  such  degrees. 
Under  tliese  circumstances,  as  the  alternating  flux  varies  in  the  -pace 
spanned  by  a  jiair  of  bruslies,  E.M.f-.s  will  be  set  up  in  tlie  armature 
condm  tors  in  that  space  su(  li  as  will  give  rise  to  currents  whose  circuit  is 
completed  through  the  short-circuiting  conductor  joining  the  two  brushe« 
The  currents  will  be  at  right  angles  to  the  field  flux,  and  mechanical 
forces  tending  to  drive  the  armature  round  will  be  set  up. 

In  Ileyland's  earlier  two-pule  luotor-,  uf  this  type  the  brushes  were 
mounted  so  that  they  could  be  moved  all  together  or* in  two  sets  of  three, 
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Fig.  79;.— Briuh  CoaM^tiom  in  a  Thne- 
phase  COBinuiaior  Mai.  r. 


eri'  li  <ot  hciiii;  mnvalilo  relatively  to  the  other  set.  In  «till  more  recent  types 
It  lias  been  found  possible  to  impn-ve  the  power  factor  by  placing  the  fixed 
.ml  movable  brush  of  each  pair  abmit 
Pi'i  .iiiart.  as  ~lii)\vu  in  l-'i:;.  7117.  iii-ti.i'l 
i  t  le^s  than  lJo\  as  in  Tig.  ■jip.  In  this 
way  the  armature  fields  due  to  the  con- 
ihutiir-  between  eai  h  pair  of  lini^lics 
ii\iilapi>eil,  proilueinn  a  i'nmpeii>atiiii; 
I  iiect  similar  to  that  of  the  stator  com- 
pensating coils  in  an  ordinary  commuta- 
tiir  motor.  In  Fi^-  707  the  circle  s  stands 
:  the  statur  and  the  cin  le  K  for  the 
'  t.ir;  the  line  currents  are  fed  into  tlie 
~t,itiir  at  the  ix)ints  i,  2.  and  3. 

The  effects  on  the  pnwir  f  ii  tor  are 
~\\'i\\n  jjraphically  in  hi:;.  71^8,  whith 
jvr-.  the  results  of  experiments  on  a  motor  with  a  r.itcd  cmtput  of  8-84 
11. p.  Curve  a  is  for  the  motor  run  as  a  slmrt-circuitetl  scjuirrel-cage  mott)r  ; 
for  this  purpose  the  segments  of  the  commutator  were  <lirectly  connected 
rij,'ht  round.   Tlie  power  factor  varies  from  o  j.s  at  no  load  to  o  ,s  •  at  o\ir 

full  load.  Curve  b  is  for 
the  brushes  exactly  T2o° 
.ipart  ;  that  is.  tlir  two 
.iiljaccnt  l>ni^lii'>  u(  eon- 
Mint  i\e  pairs  in  l-it,'.  yc^y 
have  been  made  to  eoin- 
I  ide,  with  the  result  that 
tlie  six  bru-hes  hemine 
tl  ee.  and  the  ellect  is  to 
I 'invert  the  armature  into 
a  mtor  with  three  -Imrt- 
<  ircuited  slip-riiij;s.  The 
power  factor  is  appreciably 
improved,  and  now  v.irie^ 
from  0-4  at  no  load  to  o-i) 
.It  over  full  111, id.  In 
curve  c  the  short-circuiting 
14  brushes  are  separated  by 
as  shown  in  V'vj,.  797, 
the  fixed  brush  of  eacli 
p.iir  being  at  the  neutral  point.  The  effect  on  the  power  factor  is  remark- 
.il'le,  ?ince  it  now  varies  only  lirtwcrn  117  .it  no  load  ,ind  o-(),s  ,it  owr  full 
luad.    Lastly,  curve  1/  shows  tlie  effect  of  niovMg  the  lixed  brushes  from 


— 

Load  in  Kilowatts. 
Fig.  798.— Power-factor  Curves. 
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the  neutral  position  40'  forward  in  the  clirection  of  rotation.  The  result 
now  i-  tlhit  til.  iHwtT  fai  tor  i>  prartically  unity  for  a  wide  range  of  load, 
ami  only  slinks  to  o-.S4  for  no  load. 

Repulsion  moti>rs  of  this  tyi>e  are  verj'  similar  to  serit  >  commutator 
motors  ill  si/c  and  tftii  i-  in  y,  but  the  fornuT  is  a  ncarl\-  «.yn<  hronous 
ma(  iiiiic,  whilst  the  scries  motor  i  an  he  nm  at  speeds  up  to  50  per  rent, 
above  ^vnchronism.  At  speeds  below  s\  n,  In ■  .iii-in  tlif  n  puKioii  motor 
characteristic  is  much  the  same  as  that  of  a  >erie-.  maehinc,  but  dose  to 
synchronism  it  has  a  shunt  characteristic  ;  it  has  also  a  go«Ml  starting 
tonpie. 

Induction  and  Commutator  Motors  in  Cascade.   A  \  .  r\  important 
utilisation  of  the  polyphase  commutator  motoi  i-  to  nui  it  in  ( ade  with 
a  pol\  plias«  in<hi(  tion  motor.    Some  space  has  already  been  devoted 
payes  740  and  751)  to  the  rumiiiii;  of  iiuhiction  motf)rs  in  cascade,  and 

aKo  (v('c'  pa^e^  75J  to  St'i 
to  u--iiig  the  cascade  ^  n- 
riple  within  the  limits  of  a 
sin.yle  motor,  tlie  main  ob- 
ject bi  iiii;  ii!  each  i  a:-e  tc 
obtain  a  i^icater  range  or 
Variety  ot  sjieed. 

The  problem  in  the 
pi". -1  nt  I  a~i-  ina\  ,  lio\\t'\<  i'. 
in  tiie  tll>t  ill'tallce  be 
viewed   from  a  somewhat 

Fig.  7,s^-Du.gr«..  of  Krwieti  CaKad.  Conn«ti»i.  ditliTrllt    stall.ll.oiut .  Oik: 

ot  the  initlio(l>  ul  -tartint; 
induction  motors  (sec  pa^is  7J7  to  736)  is  by  iu-eniiij;  i.-i-tances  in  thi' 
rotor  circuits,  and  tliis  method  is  e.Ktensively  u>ed.  Tliese  resistances 
ab-o;b  energy  and  waste  it  in  heat,  whereas  if  the  cnerjrv-  couM  be 
retained  in  a  convenient  form  the  efl&ciem  y  of  tin-  airani,'i  iiH  nt  would  In- 
increased.  Keplace,  therefore,  the  dead  resistance  s  by  a  ( ommutator  motor 
which  ran  absorb  the  energy  and  convert  it  into  useful  mechanical  work 
wliii  h  I  an  lie  rc'.urncd  to  tlir  rotor  of  tlie  induction  motor,  either  by  the  two 
rotors  iK'ing  coujiied  on  the  same  ?liaft  or.  more  wa>tc  fully,  by  their  bein;; 
belt  or  gear  connected. 

Till'  simplest  arrangement,  as  projiosed  by  Kramer,  is  shown  in  Fig.  799; 
Ii  is  an  induction  motor  shown  diagrammatically  as  coupled  both  mechanic- 
all\-  and  electricall\-  to  the  c  oininut.itor  motor  M.  The  mechanical  ( mipling 
is  that  both  rotors  are  on  the  ^ame  shaft,  and  electrically  the  slip  rings  o! 
H  are  ( onnected  to  the  brushes  of  m. 

The  (  liiif  propcTtx'  of  tin-  ( >  iniinutator  motor  which  iiiakr  ,  it  valuable 
for  this  purpose  is  that  a  change  in  trecjueucy  of  the  currents  supplied  does 
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imt  nt^»'*'-itatp  a  <  li.inp-  in  sjm  i  iI.  Tlic  <  iirn  nts  from  tlu"  ri)tor  of  ii  have. 
a^  txplaiiu'd  dsfwlure,  the  frtijmiuy  <>t  tin-  >lii)  witli  whiih  its  rotor  is 
rtinninp.  an<l  therefore  vary  from  the  supplv  iri  i|iit  ni  \-  at  standstill  to  that 

t  Hir  >iii.ill  pcrrciit.ii;!'  >lip  :it  tlif  full  nimiiiiL;  ~|>i  i  i|.  I  In-  ( i iiiimiit.ili if 
iiiotiir  M  1.111  .ilisurl)  till-  iiitirut>  at  ill  tlioi'  lii  ipum  ir^  ami  t  oiiviri  tiii  ir 
.  li .  tri<  .il  power  into  nu'<  lianic.il  jiowtT. 

rin'  above  nieth<Hi  is  etttrtive  if  tlif  s|HVfis  cU-alt  witli  arc  nimli  r  iti  Iv 
hit^li,  but  for  low  sjn't'ds  the  motor  M  is  iiniiet  t'ssariiy  <  xp<  ii--i\i',  ami  tluu- 
loll  Dr.  Si  li('rl)ius  pmpo-cd  tli.it  instc.ul  of  tlu-  power  ah-uilx  il  h\  m  ii.  iiij; 
It  turiRil  to  H  as  nieihaiiical  power,  it  t<huukl  Ik-  returned  as  elec  trical  |»«iwer. 
l-of  this  purpose  the  shafts  of  h  and  M  are  disrnnnertetl.  and  an  induetiou 
^i  iirr.itor  (;  (I'if;.  Sim)  is  (oiiiiltil  to  ami  ilri\in  hy  m.  \W  >t,iiiir  of  the 
;i  ii.  r.itiir  l)ein)4  connected  to  the  >iipply  ni.iiiis.  Such  a  gener.itor  l^  simply 
I  ~ipiirrel-caf;e  induction  motor,  driven  ahove  synchronous  sjH-ed.  As 
already  explained  (sec  |  age  741),  under  tlieM'  <  in  umstances  the  inductiuu 
motor  becomes  a 
^niir.ittir,  and  if 
(oinurted  to  live 
mains  the  currents 
cnn  rated  will  take 
the  fretpiency  of 
those  mains  to 
which  they  will 
contribute  electrical 

j)i'Wer. 

The  various  ar- 
ranRements  devised 

1>\-  Dr.  Srherhius  have  been  developt'd  by  Me--sr.s.  Brown,  Ho\eri.  and 
(11..  of  Baden,  Switzerland,  to  wlimi  we  are  indebted  for  Figs.  799 
and  800.  The  commutator  motors  used  in  Fig.  800  may  be  either  shunt 
or  series  machines,  though  in  the  latter  case  the  brushes  should  li.ive  a 
iixed  position.  The  shunt  motor  used  will,  of  course,  have  cf)nipensatin{; 
11I.I-.  and  by  varyinf;  its  excitation  a  wide  ran,!;e  of  freipiencies  can  be 
imposed  on  its  supply  circuit,  which  is  the  rotor  circuit  of  the  induc- 
tion motor.  To  each  of  these  frequencies  there  corresjionds  a  definite 
>|)re(l  (or  slip)  of  the  indnrtiim  niotur.  whose  speed  can  therefore  be 
(oiitrolled  by  simply  altering  the  e.xcitation  of  the  shunt  commutator 
niiitiir. 

Commutator  Motors  grenerally.-The  distinction  bitween  series 

and  shunt  polyphase  commutator  motors  on  tlu'  one  li.md  and  n  pulsion 
motors  on  the  other,  is  one  which  the  development  of  the  subject  tends 
to  obliterate,  even  if  it  be  not  already  obsolete.  The  elementary  theory 
of  commutator  motors  will  be  more  conveni^Dtly  taken  in  connection  with 
IIS 


Cig.  ioa.— Ojagnai  of  lh«  SdMrtiitti  Catcade  Amngmient. 
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tingle-phase  mailiiius,  ain!  the  ri-.nlrr  -lioiiM  n  f.  r  to  tliat  suh-section 
{%te  pa^fs  S<K)  to  S..f))  iH-fure  remlinK  the  folluwin«  paragraphs. 

The  suhjci  t  f>f  |)iil\  |>Ii:ise  commutator  motors  owes  much  to  Mr.  V.  A. 
rviiii,  wliii  li.i^  I'trii  .111  (irif^iii.il  vMirkcr  in  it  fm  in.nn  V(  ir-.  I-ii,'.  Wi>i, 
due  to  him,  was  u>cil  in  a  niutnlnitiun  to  a  discu^^ioii  at  the  ln>titii. 
tion  of  Electrical  EnRtnecrs.  The  liKurf  iilti>tratcs  (liaKrammatically  a 
l)i])(.l,ir  <  ..imniitator  motor  constructed  for  a  two-phase  supply  introduced 
by  til.  If.i.l^  I-,  and  I'j.  Tlie  nomenclature  used  in  lettering  the  diapram 
i»  neat  ami  coiivcnicnt.  In  the  tir^t  jiia.  c  the  rotor  i^  asMiiur.l  to  have 
a  fjramn.e-ring  winding  on  which  the  hrushfs  directly  rest,  so  that  no 
question  can  arise  of  the  influence  and  inductance  of  the  connections 

between  the  roiniiiil- 
t.itor  ami  the  wiii.l- 
i  Ti  f,'  s.  The  rotor 
winding  is  also  as- 
sumed to  be  such  that 
a  current  jxissini;  in 
at  one  brush  and  out 
at  the  diametrically 
opposite  bru>h  pro- 
duces a  flux  (lire,  ted 
from  the  lir-t  to  tlie 
second  brush.  Tlie 
distributed  stator 
win<liiit,'S  are  irpre- 
st'Hteil  by  cylindric 
spirals  having  axes 
which  coiiieide  with 
the  resultant  magnet- 
isation produced  by 
the  winding  repre- 
sented.* A  >tator  winding  \  is  one  producini;  a  flux  opjiosed  ir, 
diiet'tioii  to  till'  armature  reaction  Hiix  of  the  l>ni>hes  on  its  axis, 
and  may  be  referred  to  as  a  neutrahsing  winding.  It  corresponds  to 
the  interpoles  of  a  continuous-current  machine.  A  stator  winding 
marked  f  is  one  produeini;  the  motor  and  tonjue  field,  ;ind  may  be 
referred  to  as  an  excitation  winding.  The  brushes  which  carry  currents 
producing  only  workinj;  or  armature  ampere-turns  are  designated  by  the 
letter  I/,  and  aie  sliown  black  ;  whilst  brushes— none  of  which  appear 
in  this  partii  ular  figure — which  carry  currents  producing  excitation  as 

*  It  may  In'  criliciscil  tliat  in  the  Hciual  t'lgures  the  spirals  drawn  ilu  r.i<t  clearly  represent  the 
(lirectkm  of  the  circulatiun  of  the  current,  but  the  context  showi  tha'  a  clockwUe  circuUition 
wlien  looking  fiom  the  entrance  terminal  is  intended. 


Fig.  Sol.— DiagTam  of  Fynn'^  Two.phaM  Commutator  Motor. 
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w.ll  as  .11111. itiire  amptTf-turns  arc  »huwn  sottionwl,  ami  are  designated 
by  the  litti  r  b. 

In  Fiji.       T,  and  T.,  are  two  transft>rni«T'<  with  tlicir  primarii-'i  j  and  5 

-|iirtivrl\-  hri.lLlr.l  ;i(  ro-s  the  -ll|ipl\   Ii  i.Ni',  .im,|  )■,.      Ihr  ncilt l.il  1-111:4 
"li  Si  .iiiil  tln'  l)ni-lii  >      ,1,  ,tTv  111  M  il.  ^  .11  r,i,>  (111-  iir-.t  i>1i.im'  i-,.  wliiNt 
!lif  noutr.ili-iti.i;  nul  -.■ ,  .md  tlir  Imii>1ii'^         .in-  similarly  in  s«'rics  across 
!lii-  second  phase  i',.    the  held  c»)ils  which  have  shmit  windinCs  h.iv.'  nu  rc 
.  ..mpli<ate<l  cross  conn.vtions.    Thus  the  toil  1  ,,  ,it  !i;;lit  anL.:lr-<  to  and 

l\Um    till-   lll.iliil    tlu\    1  liMc-l..iIllllIl>;   tu   til.'   hlll-il    .l\r,  if,,/,.    !<•(  fives  jtS 

iii.  I  -iiii|ily  liHiii  the  sectijulary  0  ot  tlie  translurnier  Tj,  but  aUo  receives 
I  small  compensa- 
volt. Iiiim 
M'(  oiiil.irv  .J  ot 
till'  tratisfornitT  r,. 
Mniilarly  the  coil  f,, 
which  Rives  the 
l  i.iinr  I'M  it.itioii  Inr 
till'  lini~li  axis  (ij  tl^. 
rtieivei  its  chief 
voltage  from  the 
Miondary  4  of  t|,i' 
tr,in>former  t,,  and 
a  Mnall  compensating 
voltage  from  the 
I  iiiuhiry  7  of  the 
ti.m--fornuT  To. 

The  speed  of  the 
machine  is  adjusted 
I  itht  r  (i)  hv  chang- 
ing tlir  \cilt.i^i-  iin- 
lirc>>cd  on  the  arma- 
ture circuits  or  (ii)  by  changing  the  excitation  voltages  tlerived  fnnii 
tlir  -n  .'luhiriLS  <>  and  4.  The  powcr-fai  tor  of  the  machine  is  adjusted 
liy  changing  the  value  of  the  compensating  voltage  impressed  on  e.u  h 
t  x  -itation  winding,  and  derived  from  the  secondaries  7  and  3  re-.pt  ( lively. 

Ill  this  way  a  wide  range  of  sped  and  good  power  f.ictorscan  he  obtained, 
but  the  method  has  tlir  disadvantage  tliat  it  rcciuires  four  distinct  windings 
i>n  the  statof  for  the  tv.o-pliase  supply  illustrated,  and  would  require  six 
>\Kh  windings  for  a  three-phase  supply.  A  simplification  can  be  o'^t  niicd 
hv  abolishing  tne  excitation  coils  f,  and  and  by  utilising  the  rotor  or 
armature  currents  t(>  i,'iv=-  the  tiuv  ji, ry  for  the  speed  e!ei.troni-,.tive 
linces.  The  simplification  is  shown  in  iig.  802,  which  is  similar  ta  Fig. 
Soi,  but  with  the  stator  excitation  coils  omitted,  and  the  brush  connections 


Fig.  Sni. 
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changed  to  give  the  right  direction  to  tht'  mamu  tic  tluxo?.  A  motor  so 
(■i.nni  (  tfil  iH  c  iimi  s  sfif-rompensating,  esj)ecially  at  the  synchronous  speed, 
but  ii.is  the  cli>advant:ii,'e  that  the  heavier  part  of  the  load  falls  on  the 
rotating  part  nf  tin-  iiiacliim-.  The  iiitcrcstiim  Mihjcrt  <>f  mtor  cm  ita- 
tion  is  referred  to  later  in  dealing  witii  the  theory  of  >ini;le-phase  com- 
mutator motors. 

Tlif  Mihjcct  opciiiil  lip  l)y  tlu'  fon'i,'()ini,'  paraLiraphs  is  a  lar:;f  (Mh-,  tr, 
wliidi  a  great  deal  ot  attention  lias  Wvw  directeil.  Tlie  ji<i>-;ihlc  variations 
and  extensions  of  the  tletails  arc  nunicmus,  and  some  of  tlieni  important, 
but  prt?ssure  on  our  space  precludes  us  from  carrying  the  subject  farther. 
Excellent  results  have  been  obtained,  both  as  regards  speed  control  and 
also  a'-  regards  the  favourable  effect  on  tlic  powi  r  factor.  l"or  larm'  po\\i  r>, 
where  the  transmission  system  offers  an  alternate-current  supply,  the  system 
is  cheaper  than  conversion  from  alternate  currents  to  continuous  currents, 
and  the  use  of  the  latter  in  a  continuous-current  motor. 

VI.-  MONdl'IIASK   INOrCTION  MOTORS 

In  Chapter  X\'I.  of  Vol.  1.  the  various  types  of  motors  available 
for  use  with  monophase  alternate  currents  have  been  summarised. 
For  our    present  purpose— that   of   a  brief  descripti<in    of  nioderp 

m(»n()phase  mo- 
tors, exclusive 
of  traction 
motors,  which 
will  be  treated 
separately — 
these  types  may 
be  contiiicd  to 
,>  two,  namely  (<i) 
induction  motors 
(mc  Vol.  I., 
paujo  ()I7  i7  .•ii'i/.). 
and  (6)  motors 
with  commutat- 
ing  armatures 
(/.c.  page  6o8). 
The  former  of 
these,  as  l>eing  far 
the  more  \vidcl\- 
UM'd  for  otluT 
than  traction 
work,  will  now 
Kij.  So3-Th«  Hfvir.n.!  M,-.:-.  i-.h.^«=  M:=tor  b<-'  considered. 
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Monophase  Induction  Motors. 

■  I'  iir.irlv  •~\iic  hninnns  nidtois  witli 

t.T-  ninniim  Mlnm-t  in  sti'p  with  tli 

■  ill  \vlii(  li  tli(  \-  are  placed 


It  will  he  n'mombered  that  tluso 

Hiini  l-r,iL;i'  or  wnimd  >lii'rt-i  in  uitcil 
.littiiuiti'  iiiMi;iiitir  liclii  (il  tln' 
fu'ld,  considtTiMl  alone,  does  not 


!.itt  .  but  is  rixed  in  space  and  simply  |t;ro\vs.  <liminishes,  and  reverses 
1  -t.  p  with  the  changes  of  the  current  sujiplied.    When,  however,  the 

is    ninilinu    at    it-    \nuyvv    -penl,    the    111,1-ih  tir    Ir.l.  tii^ll    lit  liic 

t.'i'  in  I  iiniI)ination  with  tlie  >tati)r  produces  a  curious  kind  ot  rotating; 

•,.ld. 

It  is,  however,  necess.iry  to  li, nc  some  iiutliod  of  niiiniiii;  tin-  rotor 
iimi)  re>t  up  to  synchroiiisiii,  tor  witiiout  some  a»i>taiue  it  1  ,miiot 
I, ike  power  from  the  stator  until  synchronism  has  been  nearly  attained. 


Fig,  804.— The  Parts  of  the  Heylam!  ^lonopha^e  Motor. 


l  lie  method  adopted  for  starting  tlie  motor  therefore  forms  an  essential 
;iart  of  the  design,  and  it  will  be  more  convenient  to  deal  with  it  in 

r.uli  I  ase  when  desc  ribing  the  motor  itself  rather  than  to  reIe,L:ate 
tlie  dilfereiit  methods  to  a  sjiecial  section,  more  especially  as  these 
methods,  almo>t  without  exception,  make  use  of  the  same  device — 
n.imely,  that  of  produciiif:;  for  startiiit;  i>ur])oses  a  more  or  less  regular 

■it.itinK  field   by   "  splittini;   the   phase"   of   the   monophase  current. 

ilii>  device  has  already  been  Itilly  referred  to.  on  a  very  different 
ale,  in  dealing  with  certain  forms  of  synchroscopes  {sec  pages  402  to 
410  ante). 

The  Hcxhtud  Motor. — A  monopha'-e  motor  of  the  induction  tvpe  which 
iias  played  an  important  part  in  the  deselopment  of  these  motors  and 
may  still  be  regarded  as  a  standard  type  is  the  Hcyland  motor,  shown 
'  oiiiplete  in  \'\<i.  So;  aivl  dissected  in  Ml;.  .S04.  It  consists  of  a  four- 
i.iole  stator  with  auxiliary  starting  coils  and  a  wound  rotor  with  star- 
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connected  three-phase  circuits,  the  ends  of  which  are  brought  out  throuRh 

till'  liullciw  sliaft,  ;is  seiii  at  A  (Fig.  S04),  anil  comuctt'd  to  an  ovorliuns,' 
set  o(  slip  rings  s,  which  with  their  brushes  b  allow  n  sistance  to  W  intro- 
duced into  the  rotor  circuit  to  increase  the  starting  torijuo.  as  in  polyphase 

motors.  In  fact,  for  starting 
purposes  this  is  a  diphase  motor 
with  a  triplKi-r  rcjtur. 

Details  of  the  magnetic  cir- 
cuit, showing  the  stator  and 
rotor  stamjiings,  are  1,'iven  in 
I'ig.  805.  ICarh  quadrant  of 
the  stator  core  roiitains  eight 
slots,  partly  closed  by  overhang- 
ing teeth,  and  a  relatively  large 
tunnel  The  slots  are  used  for 
the  ordinary  working  coils,  and 
the  tunnel  for  the  auxiliary 
starling  coils.  Magnetically,  the 
iron  in  front  of  the  tunnels 
provides  the  pole  faces  for  tlie 
field  when  the  motor  is  running 
under  load  with  the  auxiliary 
coils  not  in  use.  The  scheme  of 
winding  is  given  diagrammatic- 
ally  in  Fig.  806,  which,  how- 
ever, onlv  shows  six  slots  per 
quadrant  instead  of  eight  in 
the  actual  case  depicted  in  Figs. 
S04  and  805.  In  the  latter, 
four  slots  on  eacli  side  of  each 
tunnel  are  used  for  the  mag- 
netising coil,  which  encircles  the 
iron  at  the  tunnel,  thus  produc- 
ing the  four-pole  field,  tlie  con- 
nections being  as  shown  in  Fig. 
806.  The  tunnels  are  used  for 
,  four  auxiliary  coils,  shown  by 

Fig.  8o5.-MaKn«tic  Circuit  of  HeylMd  Molor.  d,,tted  lines  hi  tllC  figure. 

For  starting,  the  two  circuits  of  the  stator  arc  put  in  parallel  on  the 
monophase  mains  by  an  ordinary  double-pole  switch,  a  single-pole 
switch  in  the  auxiliary  circuit  at  Sj  (Fig.  806)  also  being  closed.  At 
the  same  time,  the  full  starting  resistance  is  introduced  into  the  rotor 
circuit  through  the  shp  rings  and  an  ordinary  three-phase  stepped  starting 
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rhoostat,  such  as  is  described  on  page  750.  Tlio  connections  are  given 
•nll\-  in  Fig.  S07,  in  whicli  tiie  various  circuits  of  the  stator,  the 
itor.  and  the  starting  resistances  are  shown  ihapramniatically  \ntli  the 
-uitiii-  s  in  the  starting  ])osition  ready  for  tl^  closing  of  tlie  main  switdi. 
\\  hen  the  motor  has  run  up  to  about  full  speed  the  resistances  in  the  rotor 
circuits  are  gradually  reduced  by  turning  the  switch  in  a  clockwise  direc- 
tj.  n  tmtil  the  ^^lip  rings 
.lie  short  -  circuited. 
The  diagram  in  Fig. 
So-  indicates  the 
irrangements  used  ^ 
'A lu  ll  tlie  motor  is  re- 
iHiired  to  start  light 
or  with  no  load ;  in 
tiii^  case  a  resistance 
i<  is  introduced  into  the 
running  circuit  of  the 
-tator  to  cut  down  the 
starting  current,  and 
when  spe(><l  has  been 
.ittained  this  resistance 
is  short-circuited  by  the 
.mxiliary  switch  S;,  being 
.lutomatically  thrown 
over  from  left  to  right  at 
a  predetermined  point  as 
the  switch  s,  is  moved 
round.  By  this  move- 
ment, not  only  is  the 
resistance  R  short  -  cir- 
cuited, and  the  mains 
[Hit  chrectly  on  to  the 
running  coils,  which  are 

indicated    by  the    heavy  Fig.  9ee.-Stator  windings  of  Heyland  Motor. 

spirals  c  c  in  the  motor  m, 

l)ut  also  at  the  same  time  the  starting  coils  s  s  of  the  motor  air  taki'U  out 
of  circuit,  and  cease  to  draw  ctirrent  from  the  mains.  The  actual  apparatur., 
with  its  three-armed  switch  Sj  and  the  atixiliary  switch  S2  and  its  contacts, 
is  shown  in  Fig.  SoS.  which  will  be  readily  understood  by  reference  to  the 
diagram  in  Fig.  807. 

When  the  motor  is  required  to  start  under  load  the  resistance  R  is  not 
r-i]uired,  and  the  mains  are  conneited  ilirectlv  to  tin'  running  coils  re 
Oi  the  stator.    In  this  ciisc  the  i-tailiiiQ  .lad  au.\.ilia:y  suilcli  apparatus 
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is  somewhat  simpler,  the  ciuxiliary  switch  having  only  one  pair  of  con- 

tart<,  ill  which  it  n -ts  fur  >t:irtiiiL;  inir])o>i  >,  rld-iiii;  the  l  ircuit  nf  the 
stiiiting  coils.    As  thf  tlircL-urnKd  >\vitcli  is  hkaiiI  uvir  to  tlu-  running 

AuMUMV  SwrrcH 


N  RuNMsu  Coils 


MoTon 

Rotor  Stm^tin^  Risistancc 

1  i,'.  So;.— Starting  Connei-lions  of  Hcyland  Motor  under  "  No  I.oad." 

pn-ition  thrsr  ciintacts  art-  (ipiiiod,  and  the  auxiliary  switch  arm  rests 
against  the  stop  shown  on  the  left. 

For  pcrindicitios  up  to  fio  the  starting  current  is  four-fifths  of  the  full- 
load  current  for  a  light  start  and  twit  r  thi'  full-load  curn  nt  for  a  loaded 
start.  For  higher  periodicities  the  currents  taken  are  somewhat  greater. 
The  motors  are  rated  to  run  continuously  with  %  rise  of  temperature  not 

exceeding  50°  C.  for  the  smaller 
sizes  up  to  _><)  b.H.i'.,  and  a  rise  of 
40'  C.  for  the  larger  sizes.  They 
can  be  overloaded  25  to  JO  per  cent, 
before  pulling  up.  When  the  load 
torque  (.xceeds  what  the  motor  can 
develop  the  motor  does  not  slow 
down  and  run  at  a  lower  speed,  but 
gets  out  of  step  and  stops  (lt  a(i,  and 
the  proper  starting  operations  have 
to  i)c  Usui  to  gtt  it  running  again. 

The  Heyland  motors  are  built 
in  standard  sizes,  from  \  to  kh) 
li.n.i'.,  at  >i)r(d;;  depending  on  the 
periodicity  of  the  supply  circuit. 
Vv'ith  currents  at  50  'v*  the  speed 
varies  from  1.400  to  585  K.r.M. 
Fig.  fcs.-s«itch  tor  Starting  Unloaded  Motor.      Tile  fuU-load  cHicicncy  Varies  from 
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-()  per  cent,  for  the  2-B.ii.i'.  si/.o  to  Sq  jht  cint.  f4>r  tlu'  mo  r.  ii.i',.  the 
nni-piiiKliiii;  puwi  r  factors  being  07J  and  070  ri->i)cctivvly  at  lull  lo.id  ; 
■li,-c  tii,'iiit>  arc  for  jxriodicitics  from  40  to  (k) 

I'hc  lAVtiidon-Diivxcs  Motor. n|  tlic  iMilit  st  -\u  i  ful  iMmicTr- 
.11  tlii>  tkld.  and  one  which  has  btiii  iniprovcil  ln>ni  tiiin'  to  tinn' 
iiul  is  very  wicU'ly  used,  i>  the  Lanf;don-Davies  motor,  manufactured 
iiy  the  Langdon-Davles  Motor  Company,  of  London.    The  motor  itself 


Fig.  809. — The  LanKiion-Uavies  Mutor. 


IS  illustrated    in   Fii,'.   Sor)  ;   hke  most   IikUi  lotors.  with  sbort- 

( irciiitcd  rotors  it  cxpoM  S  no  workin;,'  parts.  •  lie  tinh'  nice;  ■•  al 
friction  is  that  of  the  bcarin.i;s.  w]ii(  li  in  tiic  -i/.i'  m  K  c  ted  t^r  tiic  illus- 
tration are  carried  by  brackets  bolted  to  the  sides  of  the  machine. 
.MtlKiUfih  the  motor  is  to  be  supplied  with  monophase  currents,  there 
,irr  three  terminals,  tlic  extra  one  1)rinL;  u-ed  f'T  startiiii:  i>uri."-cs 
only.  The  stator  and  the  rotor  are  shown  separately  in  l  igs.  tsio  and 
812  respectively.  The  machine  is  a  four-pole  machine,  and  the  stator 
li-'ii,'.  Sin)  1-  wdiiiid  with  eii,'Iit  rolN,  f.lur  nl  wliirli  are  the  ■'running" 
Kills  and  luur  the  "  startnig    coils,    liic  ruiinnig  cuiis  are  the  inner  ones 
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a,  and  when  excited  will  give  a  fniir-i)(ilc  iii;it,'netic  field,  with  the  lines 
of  tiio  poles  inclined  at  45"  to  the  vertical ;  they  are  so  wound  that  the 
field  pri>dui  e<l  i*  fairly  evenly  distributed  over  the  polar  faces,  which  in 
this  r;!--!-  c  cjii^ist  of  m\irly  one  ii.ill  of  !lic  inner  (  yliiidiic  surface.  How 
this  is  accomplished  can  best  be  followed  by  referince  to  the  stator  stan-p- 
ing,  one  half  of  which  is  shown  in  Fit;.  811.  from  which  it  will  be  seen 
that  the  (  iiiU  arr  wuiitid  in  dti  ])  tiiniu'l-.  roiii_'lil\-  1}  indict  lonf,'  by  '\  inrli 
wide.    Theii.-  are  iliirtv-two  siicii  tunnels,  wim  h  ;,'ives  eiu;lit  to  eai  h  pole. 

In  some  more  recent 
macliiiies,  as  shown  in 
Fig.    810.    the  tunnels 

have  been  opened  np  tiy 

very  n.arrow  slots,  ood 
inch  wide  on  the  face  of 
the  stator.    The  winding 
is  spir; " ;  startini;  in  slots 
S  and  (),  it  then  passes 
to  slots  7  and  10,  tlien 
to  6  and  11,  and  so  on 
until  it  tinislies  in  slots  5 
and  12.  Now,  the  reluct- 
ance of  the  path  of  the 
lines  which  have  to  travel 
from  between  slots  S  and 
()  to  the  part  of  the  rotor 
just  below  slot  I  ar.d 
back  through  the  yoke  is 
iL,'reater  than  the  relu'  t- 
ance  of  the  paih  of  tlie 
lines  which  only  travel 
from    the  neit;libour- 

FlK.  S.o.-S«.or(\Vo>.nd,  of  Lan.d,,„.l)av,«  Motor.  hoodofslot    5   to  tllC 

corresp(jnding    slot  4 

immediately  below  it  and  back  again.  For  an  equal  flux  the  former  lines 
therefore  require  a  greater  magnetomotive  force  than  the  latter,  and  this  is 
obtained  b\-  winding  more  turns  in  slots  S  :ind  Hian  in  tlit  other  jjairs 
of  slots,  and  gradually  reducing  the  number  of  turns  in  each  pair  until 
the  minimum  is  reached  in  slots  5  and  12.  The  result  is  a  field  which  is 
almost,  but  not  (piite,  uniformly  distributed,  the  disturbing  elements  being 
the  presence  of  the  >li)ts  and  the  partial  localising  of  the  windings.  Also 
the  teeth  of  the  rotor  produce  a  certain  amount  of  fringing  of  the  field, 
which  will  he  referrei]  to  later. 

Turning  now  to  the  rotor  (Fig.  Sii^  it  will  be  noticed  that  the  grooves 
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or  slots  in  whirh  the  conductors  aro  wound  are  -itasrgered— that  is,  they 

lo  not  nin  i>,ir.illi'l  to  the  avis  of  tlu'  P'tnr.  but  niakt^  a  nvirr  or  loss  acute 
A\Yi\c  with  it.  This  device  is  adopted  In-.  ,ni-e  nf  th.'  Iniiuini,'  of  the  stator 
Held  referred  to  above,  and  the  result  i-  tli.it  the  <(mdiietors  in  eacli  slot 

it  a  u'iven  instant  are  partly  in  a  fringeil  or  dense  field,  and  partly  in  a 
weaker  one.    Thus  the  average  field  i^r  conductor  and  the  consequent 


Fig.  8ll.— StatJr  Stampii.j;  of  Monophase  .Motor. 

n.M  F.  induced  are  fairly  uniform  right  round  the  rotor,  giving  a  much 
more  uniform  torqtie  than  would  result  if  some  of  the  conductors  were  in 
,len>er  and  others  in  weaker  lielil>.  The  core  of  the  rotor  coii'-ist-of  wide 
teeth,  with  narrow,  straight  slots,  as  shown  in  Fig.  813,  which  depicts 
one  half  of  one  of  the  stampings.  The  width  of  the  teeth  is  more  than  three 
times  the  width  of  the  slots,  and  there  are  forty-seven  of  each.   As  there 


Fic.  3i2.— Rotor  of  Langdon.Uavie*  Motor. 

nre  thirty-two  tunnels,  or  slots,  in  the  stator,  the  ratio  32  to  47  between 
the  two  numbers  is  an  incomniensiu.il>le  one,  thus  fMllowini;  the  rule 
already  discussed  with  reference  to  polyphase  motors.  The  rea:,(jns  for 
the  rule  are  stronger  with  the  fixed  stator  fields  of  monophase  motors  than 

ssiWx  the  rutatinp  n.i.U  of  r^lvi^ha^r  n;.u  liines  f-r  the  fn^lencv  to  act 
as  a  static  transformer  without  developing  a  torque  is  obviously  much 
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Fis.  Em— Half  of  Kolor  Sumpin);. 


greator  in  the  former  case  than  in  tlie 
latter. 

The  (  (ire  disi  s  (sec  V'yg.  drive 
a  three-armed  spider  keyetl  to  the 

sliaft.  and  tliiTc  is  atni'ic  Ncntil.iiiiMi 
-])aic  ht'twi  i  n  tin'  >lialt  and  tlic  coils, 
l  lii  >iii(l(  r  .lUo  carries  kigs,  which  act 
as  fans  for  dri\ing  air  througli  tJie 


rotor.  The  conductors  consist  of  barf 
■  oppi  r  Ikhs  <lrivi  n  into  the  slots  i  iM  in  the  rotor  iidn.  Tlir  ends  of  these 
hai  ->  are  luii d-soldered  to  heavy  Kun-nietal  rings  at  each  end,  thus  fonuinK 
the  s(|iii  rel-caf;e  tyjie  ol  mtor. 

An  interestiufi  detail  of  ( onstnu  tion 
is  shown  in  Fig.  814,  wliidi  gives  jiar- 
ti(  iilais  of   the   yoke    ring   v  and  the 
method  of  fixing  the  stator  stampings 
tficrein.    These  stampings  s.  with  tiiick- 
ened  end  plates  ;-,  are  a«-cinliled   in  a 
suitable  jig  with  the  cast-iron  yoke  ring 
in  the  position   sliown.   An  additional 
smaller  ring  a  with  a  groove  ^;  on  its  outer 
surface,  corresponding  to  a  siiuilar  groove 
/  on  the  inner  surface  of  the  yoke  ring, 
is  then  fixed  in  position  and  molten  type 
metal  is  run  into  the  space  shown  black 
in  the  figure.    This  type  metal  expands 
in  solidifying,  and  effectuall\-  keys  the 
whole  together  in  a  firm  mass. 

It  remains  now  to  describe  the  details 
of  the  method  of  starting  these  motors. 
As  already  explained,  the  starting  coils 
are  tlie  outer  coils  b  seen  in  Fig.  810. 
They  are  wound  in  the  same  slots  as  and 
below  the  running  coils  ;  but  their  axis 
is  at  45=  to  that  of  the  latter,  and  there- 
fore alone  they  would  produce  a  field  at 
45°  to  the  running  field.  When  starting, 
the  two  sets  of  windings  arc  connected  in 
parallel,  and  are  arranged  to  give  the 
same  number  of  ampere  turns ;  there- 
fore, if  supplied  with  currents  in  the  same 
phase  they  would  prodtue  a  four-fold 

field  fixed  in  space  with  the  centres  of  the     Fi,.  8i4.-Con«.iiction  ot  suior  cram. 
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...l.ir  areas,  about  2zy  from  the  lii>ri/.i>iit;il  .iml  v.  iti'  .il  -<itii>ii'i  <if  tlir 
i.itor.    This  is  avoided  by  introdui  ing  an  extra  re?i>taii(  e  into  tlie  circuit 


Kig.  815.— Sinniouial  t'urrents,  PhaM  Diffimttc* 

iih  Period. 


Fig.  816. — Rotating  't'wo-pole  t  lelil  <iv«n  by 
Currents  in  Vv^.  Jis  Axe^  >->•'  ai'.irt. 


Ill  the  running  coils,  and  thus  altering  the  ratio  of  l  to  R,  which 
(hangas  the  angle  of  lag  {^e  page  543,  Vol.  I.)>  and  throws  the  currents 


Fig.  817.-  Similar  Peaked  Curtenu,  Phase  Difference 
ith  Period. 


Fig.  3i3.— Roiatina  Two-pole  Field  given  by 
Curreittft  in  Fij;.  817  .\xes  t^,'  apart. 


::.  the  two  windings  out  of  step.  The  n-ult  i>  to  t^ive  a  iniatiiig 
Ik  111.  It  was  remarked  at  page  626,  Vol.  I.,  tliat  the  rotation  of  a 
Held  so  produced  will  not,  as  a  rule,  be  uniform,  but  will  be  "  more  or  less 
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jerkv."  Ill  tlif  jirt  iit  i  nsc,  to  nbt.iin  miilorm  iiit.ition  tlie  two  rurrrtil? 
should  1h'  in  (jiiuilrature — that  is,  oiir  shmilil  \,v^  a  quarttT  of  a  peritKl 
behind  the  other.  But  this  requires  that  the  ratio  of  />  t  to  r  should  be 
very  great,  and  bv  -plittinis'  the  pliase  as  above  it  i-  ^.  I.lum  iMi"ili!r  m 

prattiie  to  (il)taiii  a  l.u 
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!  Z 


CM 
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CE 
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greater  than  one-eigiitli 
of  a  peril  1(1.  The  result 
when  tlie  stipplv  current 
i-  >inusi)iilal  is  -linwn 
for  a  two-j)ole  tielil  in 
FiKs.  815  and  8if>.* 
Fit,'.  iSii5  sluiws  t\v  1 
-urh  equal  (Uluiit^ 
plai  i  il  as  in  the  stator. 
hut  with  one  lagj^in^ 
one-eighth  of  a  peril  "1 
luliind  the  other,  lli' 
resultant  field  prodi!«  nl 
with  a  two-pole  winrlins 
is  ^liiiwn  in  ni.iunituilc 
and  direction  lor  rlic 
different  instants  of  tniif 
marked  on  Fij;.  iSi5  In 
tlie  lenfjth  and  jxi-itinn 
of  tilt'  radial  liii'  -  in 
Fig.  bl6.  It  will  bt 
noticed  that  in  the  first 
ci.ijlitli  a  ]nrlM. !  ,. 
S(,.in.i,iiat  Weak  tleld 
sweeps  round  a  quartir 
of  a  re\-'ilution,  whilst 
it  takes  three  times  as 
louf,'  to  sweep  round  the 
next  quarter  with  a 
much  stronger  field.  The 
tiild  tlunfiirr  varir- 
during  a  single  revolu- 
tion, not  only  in  speed 
<if  rotation,  hut  also  in 
intensity.  This  is  with  sinusoitlal  currents,  but  the  inriuem c  of  wave- 
form is  \erv  important  in  this  matter,  and  with  more  ctmiplicated  cur- 
rents the  ettect  is  much  worse,  as  sho%vn  in  Figs.  817  and  818.  In  Fig. 
•  For  Figs  813  to  818  the  author  is  indebted  to  Mr.  Langdon-Davies. 
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■17  the  two  ctirrtiit'*,  still  ilispl.c nl  an  t  ii^liili  of  ,1  piriml  on  unc  MiiotluT, 
.iv«'  c.irh  two  jaaks.  Thu  t-tlii  t  on  tin-  n  iltant  rotatiiif,'  lu  lil  (l  ii;. 
is)  is  vrry  curiou*.    The  whole  pirioil  ht-inj;  a$;ain  fltvidwl  into  thirty- 

'1  i  qii  il  intervals  of  tiliir.  il'  '  iiv^'  llic  first  four  of  tlu  -r.  frum  1.  to  |  tlio 
ih\  moves  rouiiil  a  <iuart(r  ot  a  ri\  ulutiuii  ;  .mil  in  the  iie\t  tuiUe, 

rom  4  to  lb,  through  the  next  (juarter  of  a  n  volution,    lint  (iniiiiu; 

I  part  of  this  time,  namely  from  q  to  11.  the  tielil  rotates  bai  kward, 

ind  the  motor  will  act  as  a  Rem  rator  if  thi-  rotor,  as  it  must  owing 
i  its  inertia,  eontiiuies  to  nin\c  fi.rw.ii  l  in  u-  (iri;.:ni.il  liirei  tion.  In 

■'a[-  r.i>e  the  motor  eoulil  not  run  up  to  ilie  >\ ni  lir<'iic>us  -iienl. 
It  follows  from  the 

■  ■  \.'  th.it  to  I'lit.iiii 
■  ir(|ui-ite  rot.itiii.u 

•  M.  to  I  nstire  ,1  ,i,'o>"l 

■  !!  t  by  splitting  the 
,,ise.  is  by  no  means 

.    i.is\-  a  ni.itttf  as 
iiiiirlit  appear  .it  first 
sii;ht,  and  that  great 
.  .in  !-nist  bcexen  iseil 
111  U  si,i,'ning  and  plac- 
the  auxiliar\-  or 
-t.utint;  winding  used 
.r  tills  purpf)se. 
The  eoini-Tti.)iis  of 
t!ie  switch  used  lor 
the  purpose  are  shown 
;;i  1  i,:,'.  Xiq.  in  which 
■!u   motor  terminals 
,  11  marked  M,  i  and 

.  u  .1  „„J  »  »x>.— Suitint  Ss>'leh  »iid  RcsUunct  (w  f  ig.  819). 

I  H  these  M  and  I  are  ^ 

the  terminals  of  the  running  coils  of  the  stator  and  M  and  2  the  terminals 

.  1  the  starting:  or  auxili.iry  eoils.  When  the  s>;  iti  li  is  thrown  o\rr  to 
the  left  the  block  marked  "Main"  is  connected  to  the  him  k  marked 
"  Start,"  and  these  two  sets  of  coiJs  are  connected  p.n.illel  .k  ross  tlie 
iii.iiiis.  but  an  external  starting  resistance  is  in  series  with  the  running 
M.ils.  This  t;ives  the  neccssan,'  phase  difference,  and  the  motor  starts 
as  a  polyphase  indm  tion  motor.  When  the  speed  has  run  up  iie.uly  to 
sMKhronism  the  switch  is  thrown  over  quickly  to  the  right,  putting  the 
,iux-'iary  coils  out  of  circuit  and  leaN^ng  the  running  coils  alone  and  with- 
out external  resist.mce  on  the  mains.  The  actual  switih  witli  the  neces- 
sary resistance  in  the  space  behind  is  shown  in  l-ig.  iSjc  ;  it  is  mounted 
on  a  non-inflammable  base,  and  since  the  resistance  has  to  carry  current 
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iiiih-  (liiriiiL;  tin'  »t.iitiiiL;  ]>rn,i(l,  it  iiia\  I>f  allnwid  tu  l>.  i  (uin'  l.^irK  w.itiii 
without  impairing  its  usitulnt-ss.  It  i.-t,  huwcwr,  well  ('\)Mi>til  to  tUu 
air,  ami  rapidly        the  ht-at  pent-rated. 

It  i-  (  l.iiiii.  il  tui  ilii  M'  inoti^r-;  tli.it  the  -tartini,'  i  iirrmt  i-  ii"t  f^ri  .iti  r 
tliaii  till'  lull-load  (iirn  nt.  and  that  the  powvr  la«  tor  liiKii.  I  lu-y  art- 
made  in  ^i/t  >  from  }  to  .55  b.h.p.,  the  spee«l  dependinn  on  the  jvrifKlirity. 
The  results  of  the  tests  of  u  4-B.H.P.  motor  arc  ^iven  in  I'ii;.  ISji.  from 
which  it  will  be  seen  that  at  full  load  the  [lower  factor  is  o'7<).  and  that 
from  half  to  full  load  the  efficiency  varie*  from  7a  to  nearly  7<»  \yot  cent. 


ACTUAL  BRAKE  W>  OBTAINED  ON  THE  FULLtV. 
Fig.  3ai.— Ttsts  of  a  Langdon-Davia  Blonapluue  Motor. 


There  are,  of  coiir-i\  no  riihbing  contacts,  an  1  the  machine  is  sparklers, 
all  circuits  beinj;  < iosod.  The  motors  are  not  inton<kd  to  start  under  load, 
as  the  torque  developed  by  the  starting  arrangement  is  not  great. 

Vll.— MONOPH.^SE  COMMITTOR  TR.\CTION  MOTORS 

There  are  many  appiii  atiniis  of  alternate  currents,  but  more  espoi  ially 
in  electric  traction,  in  which  the  requirements  make  it  verv  desirable  that 
there  should  be  ava  ."onophase  motors  which,  like  continuou.-  current 
motors,  cap.  <t:\n  \\\  hi  'ii:>(!  :!!!:!  nin  with  good  officii'ncii-  at  all  sjxcds 
from  slow  up  to  the  i..  j>eed  lor  which  they  are  de-iu-ued.  The  require- 
ments referred  to  will  be  dealt  with  in  a  subsequent  section,  but  it 
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iv  !»■  -t.tltil  liiiril\  liiti'  th.it  .iltlp  iuh  1  '  ii.i.iiuM  iciiiilitions  the  ron- 
Miiims-t  urnut  traiUoit  motor  lullils  m.iiiy  ot  tlif  pr.u  ti<  al  nHjiiircmont* 
l!iiir,il)ly,  .111(1  as  a  nmtor  lias  a  fairlv  liii;h  ci^iri.  ni  v  vwn  at  low  «p»  »>i|s 
,   I-'i;^-. '>47  til  *<\\).         i  itii'ii  ii' \    ,111  uiiK-  111'  ..ht.iiiu  l  ill  I'l  nti.  i-  hv 
ttiii:;  i|i>uii  till'  vi.lt. igi'  .tt  till' motor  |iy  iiu  .iii>  of  \v.i>ti'ful  rf^i^i.mn's, 
ili.it  till' o\.  r  ill  efScieiKV  taken  betwivn  tin*  supply  tondiutor*  some- 
i  •  -  I. ills  ,is  low  as  50  per  i  riit.  midi  r  -t.irtiii-  1 . 'ivlit i. .iw.  Monwer, 
.  -.uj.  to  ilit'tii  ultii's  of  ('oiiiiniitatioii,  <  oiitiiiiioii—i  111  ii  iit  tr.iition  motors 
iiimiiil;  It  iiiiii  li  lii-lar  |»es«urt.>H  than  1,500  volts  have  not  been  found 
lu  rally  prat  tk  ablc 

On  the  other  hand,  the  p<>l>'}>iia!ic  induction  motor,  though  able  to 
'  ike  hiKh  voltaKe^  and  to  start  under  full  load  with  miH'e  ecunomy,  has 


i.'. -\Vf:>li  uti H  I.  M.'H..l'ii.-i>»'  Comfiiiil.it  ir  I'raititri  Motor. 


I  liinitt'il  range  of  workin:,'  <pot'd,  i  ven  when  two  aro  plarcd  in  "  cnsrade," 
,i>  i\pl,iiiK'il  above.    In  ailclition,  it  rcipiiri-;  in  ti,i  ti'>n  wurk  tiirti-  mn- 

Uuiors  under  the  most  favourable  conditions,  and  tluri  tore  at  li'.ir.t  two 
i  f  these  must  be  insoiated  and  energy  taken  from  them  by  overhead  or 
■  t!uT  i  iunui  tions.  Thus  complii  itions  ari  inlrnihu  i  il  into  tlir  >\\iti  liini; 
.\\v\  lontroUinf;  arrangements  which  increase  the  risk  of  breakdown  and 
also  add  to  the  initial  cost. 

In  tilt'  foUowini;  pai^i  -  sunu'  >ingle-phase  traction  motors  of  the  com- 
niut.iiui  type  and  sonic  of  the  methods  of  workinji?  and  controlling  them 

ire  tir-t  tlescrihed.    In  tlie  next  >ection  reference  is  niade  hiietly  and  from 

111  elementary  standpoint  to  some  of  the  difficulties,  both  theoretical  and 
practical,  which  present  themselves  in  this  solution  of  the  general  problem. 

The  Westinfifhouse  Commutator  Motor. -Th.  external  .ipn. mince 
of  a  single-phase  traction  motor  as  built  by  tlie  Westinghouie  t let  trie  and 
Manufacturing  Company  is  shown  in  Fig.  822.   This  motor  is  rated  at 
113 
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150  n.ii.i'.,  i-  disii^ned  to  run  on  a  circuit  of  15  or  25  cycles,  and  is  woum' 
for  a  pressure  of  Ix  tween  J<"i  and  351)  volt-.  It  ^miu  wliat  n  -cmblos  in  cx 
tcrnal  appi  aranrr  tlir  c  ( .ntimi(Mis-(  urreiit  traction  motors  already  desi  ribed 

andisdesignei : 
like  them  foi 
single  -  redur- 
ticin!j;ear.  Tlh 
complete 
armature  is 
illustrated  iii 
l-'ig.  iSjj,  and 
differs  little  in 
external  ap- 
pearance from 

^     „      .  ,  „■   •  ^  .<  ;i  continuous 

I- Iff.  Ss}.— Attnaiuit-  of  \\  c:4inghous«  Commutator  Mutt;r. 

current  arma- 
ture of  the  traction  tj-pe ;  there  are  the  usual  ventilating  ducts,  and  the 
slots  are  rectangular  in  section,  the  winding  being  of  copper  strap,  held 


rig.  $»4,— Statv"  i.f  Wehliii^li  'iist-  Culnmulutor  Mutjf. 

in  place  by  wiilfjes  of  hard  fibre  or  compressed  paper,  bimling  .vires  being 
used  only  for  holding  down  the  end  connections. 

I'i:,'.  is  an  illll^tration  of  the  motor  stator  witliout  tlie  two  cn(l 
brackets,  ami  shows  in  tl:e  foreground  the  arrangement  and  position  of  the 
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\  l)rii>h-hol(lors.  Bi'liiii'l  tlu -r  the  laiuiiuiti'l  \<nU  -  witli  tlu  ir  >LriLS  and 
.  inpciisatinK  winiliii^--   >  iii  be  soen.    I'i^.  Sj5  i;ivi~  a  dotailed 

( w  of  a  type  of  bni-li-liolder  wliii  li  is  generally  employed  witli  tiiis  type 
motor.    TUe  earbon  brushes  are  c  arried  in  cast  brass  liolders,  with  slots 
■viilcd  for  the  hni-lu-;  and  with  spriniis  fur  pre— int;  tlie  brnshes  au;aiii-t 
I  r  commutator  surface.    Most  of  the  details  of  the  motor  resemble  those 
.    ( (intinuous-current  railway  motor*,  and  attention  need  only  lit'  direc  ted 
I  I\a\  >piMial  inodifirations. 

Ill  till'  lirst         e  tile   tii  id  niaLiiu  ts  ari-  made  up  i>|  laininati  cl  >tfi-l 
itn[iinf^s,  which  are  remo\aliie  in  ilie  same  wav  as  the  stati'r  of  an 
.  luction  motor,  except  that  tlie  tield  is  made  up  of  >ix  distinct  poles.  The 
(  Iter  frame  is  of  cast  iron,  and  does  not  form  part  of  the  magnetic  circuit, 
h  need  therefore  only  be  coiistrm  ted  with  the  v  iew  ti>  mechanical  strength. 

As  shown  in  Fig.  824,  the  winding  of  the  lield  i(in>.i--ts  of  two 
rtitirely  independent  sets  of 
•  ;N  :  tlie  main  held  coil  for 
ji  "  hieing  the  eftective  niag- 
ni  tic  field,  and  the  auxiliary 
(1  compensating  winding  for 
( "imteracting  the  armatun 
t' action.  The  Iliaili  lield  wind- 
11, :4  is  made  up  uf  coils  ot 
-r\eral  turns  of  strap  copper, 
and  is  j)laced  over  the  pole- 
in  such  a  manner  that  it  is 
]""il)le  to  remove  the  coil 
without  disturbing  the  aux- 
iliary winding.  The  auxiliarv  '^'^'^  WRttin^hou*:  cmnMiuuiur  Mutw. 
-!  ( (impensatitiL;  windint;  is  a  distrihuteil  windirii;.  bi-in;,'  carried  in  slots 
which  are  distributed  over  the  pole  faces.  This  winding  is  generally  made 
of  copper  bars,  which  are  pushed  through  the  pole  slots  ami  connected  at 
the  end-  with  strap  (oimeetors. 

I'art  of  the  armature  winding  is  shown  developetl  in  I'ig.  i^.'O.  I'his 
winding  is  a  single  closed-circuit  lap  winding  with  one  complete  turn  bridg- 
ing each  commutator  gap.  The  conductors  are  straps  of  copper  placed  side 
hv  side  in  the  slots,  each  coil  spanning  a  given  number  of  armature 
t.i  th  according  to  the  ntmiber  of  slots  provided  in  the  annatine. 

The  performance  curves  of  this  motor,  when  running  on  a  circuit  of 
25  cycles  and  at  the  pressure  of  235  volts,  arc  shown  in  Fig.  827,  in  w  hich 
the  tractive  effort,  the  a.il.i'.,  X\w  speed,  the  etficiencj-,  and  the  puwi  r 
1  11  tor  are  plotted  against  the  current.  Attention  should  be  directed  to 
the  large  tractive  etlort  at  low  speetls,  the  speeds  plotted  being  tliose  of 
a  oar  with  42-inch  wheels  geared  to  tin      lature  with  a  mechanical  gear 
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rediirtion  of  7^)  to  jj,  which  means  that  the  pinion  of  the  motor  i>  pri 
viikd  with  25  tirth,  wliiK.'  the  t^ear  wliocl  which  is  kcyeil  to  tlic  (  (lai  , 
axle  is  iin'vititil  witli  7O  tivlh.    Tlie  etticicncies  arc  plotted  with  an., 
without  the  losses  of  this  reduction  Rear. 

riu"  jjeneral  deman'l  for  a  nint'ir  which  will  give  a  maximum  ".i 
output  at  a  minimum  wciyht  and  t  \])cn(liture  of  material  has  led,  in  tli. 
ca-c  of  tractimi  motors  as  in  the  cases  of  otiier  motors  (vci'  i>a,i;rs  618  aui. 
O19),  fu  the  introduction  of  the  ventilated  motor,  and  this  means  of  increa^ 
ins  the  capacity  of  railway  motors  in  general  has  now  been  adopted  Iv- 
ino-t  of  the  leadini,'  manulacturcrs.  Two  (li--tinct  methods  uf  veiitilatim. 
iiave  so  far  been  (lesigne<l  and  are  in  general  use  :  "  self- ventilation  "  au'i 


"  forced  ventilation. 


On  the  self-ventilation  system,  the  annature  is 


hevelopeU  Winding  uf  Commutator  Traction  Motor. 


provide,]  witli  a  fan  at  the  end  opjiosite  the  comn^utator.  The  air  is  drawn 
Irom  tiutside  through  an  opening  in  the  frame,  and  passes  over  the  armature 
surface  and  between  the  field  coils,  passes  over  the  comm"tator,  and  returns 
through  the  spider  web  and  through  the  ventilator  out  into  the  o'pen  air. 
A  motor  provided  with  this  t>i>e  of  ventilation  can  be  rated  Jiiglier  than 
an  unventilated  motor,  and  it  is  generally  assumed  that  the  cdutinuous 
output  of  the  motor  can  l)e  in'  rea>ed  by  30  per  cent.  This  means  of  ventila- 
tion is  largely  .ulopted  for  pas'^enger  motor  cars. 

( »n  the  Inn  (  d  \  i  iitiI.ition  ^y>tein  the  niot^  -y  luiilt  like  a  totallv  enclosed 
motor,  hut  opennigs  are  provided  in  the  field  frame  at  both  ends  of  the 
motor,  and  by  means  of  an  external  fan  air  is  blown  in  at  the  commutator 
end  of  the  motor  and  exhausted  at  the  oj)i)osite  end.  By  this  means  the 
capacity  of  the  motor  can  be  increased  to  as  much  as  8.0  per  cent,  above 
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it  of  totally  enclosed  machines  by  adjusting  the  quantity  of  air  hlt.wn 

tlio  motor. 

The  Winter-Eichberg  Commutator  Motor.— This  traction  motor 

..(  intiTi>t  to  Londoners,  a>  it  \va>  tlic  iiioti>r  ailoptid  h\  tin-  London. 
I.ii^hton  and  South  Coast  Railway  Compatiy  for  the  flectrilu ation  in  1900 
.1  its  South  London  lines,  as  described  elsewhere  (pages  1540  and  later).  The 
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Amperes 

Fig.  S17.— Performance  t  urvpi  of  Ihe  Wf -tiiiglioust  i  ,q  i.  h.p.  Molir.i  tia-c  C-mmutator  Motor. 

.  .iiincctions  of  tlic  motor  air  i^nn  r.iiK-  ,1-  jii-t  (Ir-rrilicd,  lait  tin-  !ul!  liiir 
\oltage  of  6,000  volts  was  ^tipped  down  i)y  tran-toinur.s  to  a  nia.xnnuni 
■  1  750  volts  for  tlie  stator  circuits,  a  lower  voltage  being  supplied  to  the 
i.itor  to  case  tlir  t  oinniut.iti -r  diilii  ulti.  -. 

liie  motors  Wire  115  H.i'.  four-pole  niotois,  wliieh  at  tlu-  -upiilx  [M  iiodii  ity 
of  25  cycles  gave  a  synchronous  speed  of  75'.  k.I'.m.  I  ln  >peed  of  the 
.ii  inature  was  stepped  down  h\  sini;le  reduction  gearing  iu  the  ratio  of  4-24 
to  I.  and  as  the  driviiis  wheel-  were  4J'5  inches  in  diameter  the  speed  of 
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tlif  ti.iin  ill  miles  per  hour  was  j;i.t  viiv  lUMrly  liy  <lividing  the  speoi' 
of  the  armature  in  k.p.m.  by  33.  Thus  tlie  speed  of  tlie  train  correspond- 
ing to  tlie  synrlironous  speed  of  750  K.P.M.  was  just  under  23  miles  per  hour 

As  tlie  train 
1  ould  be  run  at 
over  40  miles 
])er  hour  (stv 
I'ig.  830),  the 
iiulepe  nd  enii' 
of  the  syn- 
chronous speed 
in  the  case  ol 
the  commut.i- 
*.or  repulsiiin 
motor  is  amply 
demonstrated. 

One  of  tlio 
motors  is 
shown  disman- 
tled in  Vv^.  SjS. 
The  stator  lia> 

whidi  ,in  iidt  iinifoimlv  distributed  but  are  collcrted  at 


t      -.s.—Tract:  ,ri  M.,t,.r  cn  tie  I..  B.  .v  S.  C.  K.iilway. 


-i\  -Ict^  JUT  jidle, 

the  polar  horns,  and  there  are  also  two  ronipensating  or  commutating 
roils.  There  are  two  sets  of  brushes  only  for  the  ordinary  armature 
current,  as  is  usual  with  four-pole  continuous-current  traction  motors,  but 
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n  addition  there  are  lour  sets  of  short-circuited  brushes  pl.ict  d  t  ln  tricdly 

jip..,ite  the  middle  of  the  pole  f.ues  for  dealing  with  the  transformer 
lion  uf  the  stator  Hux  and  acting  as  the  brushes  a,  h  in  Tig.  S;,5. 
iurther  details  of  the  armature  .ind  the  stator  are  given  in  Vvj,.  Sji).*  %viii'  li 
-  a  drawing  giving  a  longitudinal  part  section  of  the  motor,  im  Ind- 
us; some  details  of  the  magnetic  circuit  and  of  the  brush  gear.    The  air 

ip  is  3  mm.  The  shaft  is  partly  hollow,  air  being  drawn  fliroimli  tlie 
.  I  mature  partly  by  (intrifngal  and  partly  by  t.in  .iition.  As  explained 
.  Ise where,  larger  motors 
:,,ive  been  in>talled  in 

iie  more  rectnt  exten- 

;ons  of  the  system. 
In    the   mc'iiod  of 

ontrol  adopted  on  the 
-..iitli  London  line,  coni- 
i.inations  of  contactors 
ire  used  which  give  five 
,  ■ -itions  for  the  ni.i^ti  r 

'  ntroller,  and  tiie  pi  r- 

■inKince  I'l  the  motor 
;or  the  voltage  supplied 
:rom  each  of  these  live 
.i)>iti()nb  is  -hown  in 
I'lg.  Sjo,  which  is  self- 
t  xplanatory  and  worthy 

t  cart  ful  study  in  con- 
uection  with  this  tyj)' 
lit  motor.  These  curves 
-hould  be  compared  with 
the  corresponding  curves 
;i 'r  other  motors,  mono- 
phase and  polyphase,  as 
well  as  with  curves  for  continuous-current  trat  tion  motors.  1  uither 
n  tercnces  to  the  method  of  control  will  be  found  in  Chapter  Wll., 
;nfrd. 

The  Oeplikon  Commutator  Motor.~Tlu>  locomotive-  bmlt  for  the 
Lotschberg  (Swiss)  Railway  by  the  well-known  Swiss  mainiSacturers,  the 
Maschinenfabrik  Oerlikon  of  Zurich,  are  particularly  interesting  in  this 
1  onnection.  They  are  actuated  h\  l.iue  ^i^gle-l)lla-e  iHoi<.r-,  of  the 
c  impensated-series  type,  and,  as  will  appear  from  l"ig.  Sji,  nuu  li  more 
closely  resemble  ordinary  large  continuous-cuirent  dynamos  and  motors 

•  From  a  paper  by  Mr.  PhiUp  Dawson  in  Free.  Inst.  Civil  Engineers,  V  ,1.  CIAXXVI. 

■  lyili. 


0  ■ 


Fii;.  S30. — Performance  Carves  of  'I'r.trti- 
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than  is  usual  even  in  continuous  current  traction  work.    Tlu-  earliest  ot 

thf^r  Iciciimiitnr-  wa--  Iniilt  a>  an  cNprrimmital  nia'-hinc  in  I'loS,  and 
after  cxli.iii-tivc  tiial-  \va~  a<l..].tr,l  in  for  t!u-  railway  wh.'u  h  was 

then  itndi  1  t  ■  ni-triK  tion.  The  hui  w  a-^  opened  in  June,  101.5,  and  will, 
with  furtlier  details  of  tiie  locomotives,  be  referred  to  later.  At  jm-sent  wt 
are  concerned  with  the  motors  only. 

In  addition  to  the  view  of  the  complete  motor  given  1 11  I'ii;.  ,s  ;r,  tin 

statur  (lii  ld  ma]s;- 
n»t)  and  rotor 
(armatuii  1  ar; 
i-liow  n  M  ]iaratel\ 
in  rigs.  and 
f^JJ-  1  he  moi.  r 
is  desif.'ni  (l  for  an 
oidput   of  I,_'5m 

n.i'..  and  must 
maintain  thi^ 
ontpnt  lii!  cni 
imur  and  a  hall 
without  o\-er- 
heatint,'  :  with  it> 
fjearini;  it  weii,dis 
14  tons.  The 
maximum  pres- 
sure is  500  volts. 
a!id  fur  tl'.c  maxi- 
inuni  power  tlu' 
current  is  abotit 

2.ono  aniprrr^. 
Thr-taturoi  tK  Id 
ina!,'net  has 
teen    poles  and 
sixteen  inter- 

pf->les:  the  |)ole  fac.^  can  1,  rlrarlv  -ccn  in  Fii;.  and  also  the  end  con- 
nections of  the  ex.  itin:;  (ciN:  tl.e  coils  for  the  compensating  poles  are 
wound  in  slots  on  the  ~in  ta(  e  of  tiie  main  pole  faces,  and  the  main  e.xcitinj? 
coils,  with  their  a.xes  displaced  ()oeiectrir  i!d(  -I  , lie  behind  tlu  ni.  Urtw.  rn 
the  stator  and  the  rotor  the  air  gap  is  onh  ;  nun.  wide,  a  very  small  ( 1,  ar- 
anee  in  a  nmltipolai  nmtor  of  this  size  to  he  u>ed  U>v  traction  work. 

Till'  armature,  or  rotor,  is  shown  in  Tig.  tijj,  which  is  a  view  from  the 
driving  end,  and  shows  the  pinion  of  the  toothed  gearini;  which  is  con- 
taiiieil  in  n  lion^iiiL'.  part  .if  which  •  :\<a  !>,■  -.rcn  f.v.  *]•.-.■  {.-.v  .idc  jr-,  j-'i-.r  k-j  • 
the  siHvd  re(hiction  is  j  j;  to  i,  and  one  of  the  bearing-  for  the  axle  of  the 
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,r  wlu  tl  can  be  seen  mounted  on  the  bottom  of  the  ca>iiii;  o(  the  motor, 
i  !„    luiMi  winding  is  secured  by  slot  wedges  and  binding  wires,  and  at 

;if  nonnal  r-pt  td 

I    the  loronio- 

iVf,  311  kiln- 

irtrc-  ]H'r  lii'iir. 
•     \  >  .tor  run-  .it 

-]Hed  of  about 

.30      R .  P  .  M  .  , 

V  liiiii,  since  the 
iMciiiency  of  tlic 
ti p p  1  y  is  15 
'.rinds    ]H'r  sc- 
,Miid.    i-  aliout 
I  iur   times  tlu' 
-  \ nchronons 
-ixcd  of  an  in- 
iuc  tiun  motor 
with    tlie  same 
number  of  poU'S. 

The  jH-rform- 
.ince  curves  of 
tile  motor  for 
different  voltages 

at  its  terminals  are  given  in  Fig.  834,  in  which,  plotted  a-aiii:-t  the  cur- 
rent as  a  base,  will  be  found  tln'  power  factor  (Cos  9),  tiie  cftii  iincy  (1,1. 

the  output  (i.l  in  horse- 
power, the  (li,i\\-l>ar 
pull  (z)  in  kilogrammes, 
and  the  speed  (v)  of  the 
tr.iin  in  kilometres  jnr 
lour.  If  there  he  110 
'•lip  at  the  wheels  the 
-!i.  t  d  of  the  motors  in 
K.i'.M.  i"^  about  nine 
tinn'-  til''  ' d  (.1  tlie 
train  in  kilometres  per 
hour.  The  actual  loco- 
mi 'tive>  and  tli(  nil 'till  mI-, 
of  controlling  the  speed 
are  dealt  with  in  the 
-ei  tiiin  on  railway  trac- 
tion 


— ft.-\lor  of  the  Oerlikuii  A.c.  Tr:icli.  n  M.. 


»  ig.  ?33  — Rotor  of  the  Oerlikon  a.c.  Tr.ictio-;  M  jtir. 
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Mil.— N'urtS  ON    IHE   iiLt-Mt.NIAKY    IHtORY   AND  WORKING  OF  THE 
ALTERNATE-CURRENT  COMMUTATOR  TRACTION  MOTOR 

The  general  considerations  which  havo  Ird  to  tlic  ikvelopment  of  the 
alternate-current  commutator  motor  have  been  referred  to  in  the  pre- 
cedinR  ]iaK(  s,  and  incidentally,  in  the  description  of  machines,  some  of  the 
inlKTciit  (litfii  iilties  and  ttitir  sohitions  liave  priMiitnl  tlicmsclvi-;.  Thu 
following  brief  remarks  deal  more  systematically  with  these  dittirulties  and 
solutions. 

The  iiKiin  practical  problem  is  that  of  pr.M'urini;  an  \x.  mutcir  wliidi 

^    2  I  -,    shall  lia\  e  .i  spct  d- 

tnKpii'  rli.irai  ti  ristio 
similar  tu  that  of  tlie 
c,r.  scries  motor 
wliirh  li.is  ht'i-n  tniinii 
so  usetul  in  traeti(;n 
and  other  work.  This 
probk  ni  is  iidt  quite 
the  same  with  mono- 
phase as  it  is  with 
polyphase  currents. 
If  the  latter  are  sup- 
])licd  to  a  jiropcrly 
wound  stator  they 
produce  quite  easi'>* 
and  naturally  a  ro- 
tatini;  tu  ld.  Amono- 
i)ha-i'  current,  nn  the 
other  hand,  produces 
a  field  fixed  in  space 
and  simply  alternatinc;  in  time,  unless  some  sucli  device  as  s])littinL,'  the 
phase,  wliich  is  fully  described  in  other  parts  of  the  book,  be  adopted, 
and  except  so  far  as  a  rotating  field  may  be  produced  by  the  magnetic 
reaction  of  the  armature.  The  phase-splitting  devices,  tliough  useful  for 
starting,  are  not  economical  or  desirable  for  long-contiinied  runs  on  load. 
Fortunately,  the  simple  solution  of  bringing  back  tlie  commutator  into  A.C. 
work,  though  beset  with  certain  difficulties,  has  been  found  to  be  both  prac- 
ticable and  convenient.  The  piuu  iples  of  the  solution,  however,  are  scime- 
wliat  dilfirent  from  those  which  lead  to  the  use  of  a  commutator  on 
polyphase  motors. 

It  has  already  been  pointed  out  (see  page  607,  Vol.  I.)  that  a  series- 
wouii'i.  continiic-us-current  irn-ttT  fan  lie  run  v.ith  irioiiupliafe  alteniate 
currents,  and  an  early  form  of  such  a  motor  (Fig.  57(),  Vol.  I.)  has  been 
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<lcscrib«l.  If  certain  initial  ilifliiultits-  to  wlii.  li  nftrdi.c  will  Iv  made 
]>resently— can  be  overcome,  such  a  motor  would  ofier  ctmsidcrable  iulvan- 
taces  in  comparison  with  either  continuous  current  or  induction  motors, 
A-  ((impanil  with  the  furiiur,  tin-  -tartint;  voltaL;.-;  tci  \"\\  -ixi'K  muld 
l.e  obtained  from  hit;h  line  voltaf^es  by  static  tran>l<irnu  r-~  (eitlu  i  mto. 
transformers,  FIr.  738,  or  ordinary  transformers),. which  do  not  n-i  up 
( lU  Tf^y  in  the  wa-tt  ful  wav  inscjiarahlc  from  il(  ad  n  -stance  control  ;  and 
ai  lumpariil  with  imliu  tum  niut(ii>  tlicy  would  li.iv.  a  rani;.-  of  working 
speeds  unilcr  load  which  would  bo  better  than,  or  .it  Ita-t  ((juivah  nt  to, 
those  of  the  onlinary  series-wound  continuous-current  traction  motor. 

The  chief  difficultits  which  must  be  overcome  in  order  to  secure  these 
and  other  advantages  may  be  summarised  as  follows  : — 

(i.)  E\<  t— ivi'  <parkini;  on  the  commutator  due  to  high  inductances 

and  plui'-c  ( iim]ilii  ations. 
(ii.)  Low  power  fac  tor,  i;iving  rise  to  heaNy  wattless  or  idle  currents 
(see  page  763). 

(iii.)  Excessive  and  unequal  heatint;.  the  former  leading  to  low 

ii'ti<  ifiiry. 

(iv.)  Tlu"  limitations  ot  pn— lire  due  to  tlic        of  a  (  ■  .  .imitat  ir. 

Dealing  tirst  with  the  dillu  ultii-  of  ronmmtation.  it  mii^lit  h.'  con- 
sidered obvious  that  if  a  C(.>mmutator  and  bnisli  fjcar  wen-  <le~i),'ned  to  L;ive 
sparkless  commutation  at  full  load  with  continuous  currents,  tlu-n  thi-re 
should  be  no  difficulty  when  the  current  varies  from  full  value  to  zero, 
and  rises  again  to  lull  value  in  the  reverse  direetion.  Sui  li  h  m  i.nint; 
would  be  correct  if  only  the  armature  current  were  1  h.iu^ini;  and  if  the 

field  flux  were  maintained  un-   

(hanged ---or.  rather,  if  the  '.Z'-l'- 
\ariation  of  the  lield  flux  did    i::"  -  . 

not  introduce  another  factor,    III-         i<--r      ^  xi  « 

namely,  an  inductive  e.m.f.  "111-54^"  ;p^3c0-X'''^  "^^^ 

in  the  armature  coils  indepen-   

dent  of  and  in  addition  to  the   

E.M.F.  due  to  the  rotation  of   

the  coils  in  a  magnetic  field,  as  \      6j5._lr.in»former  Action  of  Alternate  Field. 

in  a  continnous-rurrent  gene- 
rator or  motor.  In  fact,  a  static  transformer  .u  tion  is  ;id(U-d  to  the 
ordinary  dynamo-electric  action.  Thus,  in  the  bipolar  field  of  I-"ig.  -"^.iS. 
if  the  magnetic  lines  flowing  from  right  to  left  through  the  iron  ring  are 
changing  in  number,  there  will  be  an  inductive  E.M.F.  set  up  in  each  of 
the  coils  encircling  the  ring,  whctlur  the  latter  he  revolving  or  stationary. 
For  simplicity  consiiler  them  stationary,  then  the  closed  circuit  winding 
acts  as  the  secondary  of  a  static  transformer,  or,  rather,  the  upper  and 
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lower  hnlv«  «  act  as  two  sorondnrio*  in  i>:ir,ill('l.  tlio  r  m.f>  in  racli  half 

bi  iii;,'  a.|.|r,l  n]*  .iml  i>r.i(|iii  iiii;  :i  imi.  Ih  Iucii  iIh-  |p.iiiit^  ,(  im.l  /■  mi  the 
liDiiz  mtal  (liaiiirK  r.  In  twu  n  whjili,  in  (ndinarv  i .(  .  niotur,  tliciv 
should  Ik-  no  p.n  If.  tin n,  tln-c  points  W-  conm-ctfd  by  a  conductor 
— which  can  readily  In.-  donu  by  pladii;:  a  pair  of  short-circtiitini,'  brushes 
on  the  commutator  the  indu(  tivf  i  m.i  .s  will  m  nt  rate  (  urnnts  which, 
as  usual  in  st.itir  tr.ui-lorincrs,  will  ojnti  up.  Kv  tlirir  in;ii:nttir  reactions, 
the  circuits  of  tlic  primary  or  tiLld-magiu-t  (  oils,  and  thus  raise  the  power 
factor  of  the  whole  combination.  This  device  was  tised  '-  •  I.atour.  I'inzi, 
\\  intrr-l'ii  liht  i-,  and  otlu  r-  in  i  ;irl\-  inai  liiiic  -.  and  w  .'d  l'\  I'I.h  hi- 

two  adililioiial  si  ts  ot  brushes  im  tlif  (  ninmutatoi  Inmi  tlie  Usual  lirusln-. 
tlii  -i  auNiliarv  brushes  beiui;  i  ounci  ti  d  tiii;etlur.  It  is  also  the  device 
used  in  "  n  pul^i.-u  "  niMt,,r~     hi  cousidi  nng  tin-  eflects  of  these  ruin  nt>- 

it  uuist  not  be  forgotten  that  tlun 
i-  a  phase  dittt  iriicc  of  i  (|uai  tri 
[Kiiod  between  the  li.M.i'.s  thu^ 
induced  in  the  armature  coils  an<l 
till  \ar\ing  field  tlux  throUfjh  the 
ariuatuir. 

The  addition  of  thesi'  transformer 
K.M.F.s  and  currents,  as  they  may 
be  termed,  with  tlieir  fluctuations 
and  ph.isc  ditlrrmi'es,  to  the  K.M.F.s 
and  iiirretits  of  a  continuous-cur- 

Kij.  sjc    II,-  scri.^'o  ,„',„.  ,   .i.u  .M,  ,  ,r  motor  very  much  complicate  the 

'-''''n'  (lui  ^tioii  of  coimiHit.itinii,  and  iiiakt 

it  impossible  to  luid  an  t  ntirely  sparklcss  position  lor  tlie  usual  brushes. 
Jletliods  must  therefore  be  adoptetl  to  diminish  the  evil.  The  simplest 
is  to  introduce  resistances  into  the  connections  of  the  armature  wiixlin^:- 
to  the  commutator,  but  without  placing:  these  l  onnections  <.n  an  ai  tivi- 
part  of  thi-  arni.iturt-.  as  in  Say(t>'  nutl.i.il  of  <()mmutatint;  armature  coiN 
for  continuous-current  generators,  described  at  page  124.  This  method 
has  been  elaborately  worked  out  by  Lammc  and  others,  and  vas  fulh- 
descriiied  in  tlie  last  edition  of  llii>  book.  In  addition,  other  devii  e<. 
already  described  (s(V  pai;vs  103  to  120),  for  improving  the  conditions 
of  comnmtation  have  bei  n  adopted,  special  account  of  course  being  taken 
of  the  changed  conditions. 

The  greatest  assistance— an  assistance  which  is  practically  iudi-pen^- 
able  -  is  ..Iitained  fium  the  u-e  (  itlirr  directly  or  indirectly  of  the  principle 
of  interpoles,  which  has  done  so  niucii  to  improve  the  commutation  in 
continuous-current  machines.  It  may  be  recalled  {st-e  page  107  ct  scq.)  that 
this  method  acts  i>y  canrellini;  the  cro>~-maguetising  ettect  of  the  arma- 
ture reaction,  ai.d  the  calculations  of  t!ic  designer  are  directed  to  neutralis- 
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Mvj.  rxactlv  tilis  I  HVct  hv  tlie  w  rit's  ampt  a-turns  «m  tin-  iiitt i  jMili>.  In 

til'-  A.i  .  (  nmmut.it'.r  iiiuinr  tli''  <  "iK  wliii  li  .  ,irrv  tin -c  niin  iit'^  aro  n>iMllv 
I.  !c  rn  il  to  tlir  "  LiimiHii^atiim  "  i  i'il-  I  h.  ii  iii.ii^iutK  a\i-  i-i,  "f  t  nur^f. 
at  ri«lif  aiiKlfS  to  the  fidd-Hux  axis  sIk'wh  m  1  u.  s  j^.  ,m>l  tin  t.  Lav  ruiit;lilv 
,.iii(i(lis  in  a  t\vi>-|>..li'  niai  liiiu'  witli  tin-  liiu'  I't  tin-  bruslus  tlinmnh 
\\\\uU  rxtcrnal  rmmv  is  Ihiih,-  -upj-liiil  ti>  the  armaturi'.  Tho  connec- 
ti  Mis  art' >lii)\vn  ilia-ra:nmatii  ally  in  1  lu  >  ;ti  .  tin  y  an- simply  thoM- of  a  Con- 
tinuous-currcnt  bijHilar  x  rits  iiinti'i  witli  luti  iimiI-.s. 

Altt  rnato  curn  nt-*.  l\n\vov«r,  an-  for  tfiis  i>urjx»si<,  as  will  as  for  many 
.  tlin-,  mil  li  iimrr  lli  xibl.  than  (■<intimi'>ii^  (iirntit-.  Ii'.aii-f  from  tln-ir 
iliicluation  tliiyi^'ivr  iim:  to  iinhii  tivi'  i  .m.i  .>,  an  rllid  al>-i  nt  trnin  tlif  llnw 
of  steady  continuous  curn-nts.  It  is  tln  n  lur.'  p(i-.~il)li'  in  tlii-  imm' t"  pm- 
<luce  the  romiH-nsatin^  curnnts  by  tKctro-ma^iit  ti.  imbi.  tinn  l>v  -imply 
-liort-cirruitini;  the  compcnNitinu 
.  MiU  and  iv't  (I .iini(  tint;  tin  in  tn 
the  I'.xtiinal  cinuit  at  all,  .i-  shown 
tn  Fit;.  857.  Hy  Ltnz's  law  tin- 
mihiicd  I  mil  tits  in  the  ii'inpcn-  it 
mi;  I  Mil-  I  will  1)1'  in  thr  U'tiuif  d 
diii'i  ti'  ii  t"  t' ml  to  annul  the  thix 
in  the  hni-^li  axis  wIulIi  jiroduii- 
tliiiii.  Tlii>  nuthod  cannot,  oh- 
\i(iiisly,  prodiK'c  Cdinpli  ti'  I'  Uij"!!- 
•^ation,  as  >umc  uiibal.mud  lliix 
nutst  be  left  to  prodneo  the  com- 
pi  ii-atiiii;  (  iirii  lit- ;  -till  fnrtlur,  it 
<  .iniiiit  L;i\  e  ri-r  to  o\  iT-comprn>.i- 
tioii  if  that  be  ii.juirid.     i'hr  pl'.a-i 


Kis,  957,-  *rhe  Series  C'ominutalor  Molnr  with  Short- 
L  ircuitrtl  !nUriiMte>. 


,    J..,.  .  relatii'ii^  have  al>o  to  lir  fiiii-idcird. 

The  Repulsion  Motor.— Ketum  now  to  the  case  of  l-i^.  .Sj5,  with  reler- 
mce  t(«  which  it  was  remarked  that  the  device  of  short-circuited  bnishes 
was  that  employed  in  the  "  ir|.ul-i..n  "  motor,  whieli  it  niav  be  r.called 
was  invented  by  Professor  l-llilm  Tli.  ini-oii  in  tiie  early  day>  ot  electrical 
enyineerinR  developments  {sec  page  625,  Vol.  1.),  and  which  was  a  monophase 
madiine.  In  the  po-ition  1,'iven  in  I'ii;.  the  armature  would  ait  as 
the  >liort-circuited  secondary  of  a  static  traii>lormer,  and  it  all  the  con- 
ditions, mechanical  and  electrical,  were  symmetrical,  there  wmild  be  no 
n  -ultant  torque  tending  to  rotate  the  armature  in  one  direction  or  the 
otlitr.  The  synnnetrical  conditions  would  be  upset  if  the  armatttro  were 
-tarted  rotating  in  either  direction,  or,  better  still,  if  the  line  of  the 
bru>hes  were  moved  from  the  horizontal  diameter,  as  in  Thomson's  motor 
(1  <)o.;.  Vol.  1.1.  The  armature  will  then  rotate  with  a  more  or  less 
ettectivc  toiiiue,  accortlinfi  to  the  po-ition  of  the  l)ru'^iies,  and  there  will 
be  supenmposed  upon  the  transformer  li.M.i-.,  (i)  the  i:.m.i.s  due  to 


EtfCTKKITV  fx  THt  SeKVICM  Of  MaX 


the  conductors  cnttinff  the  magnetic  flux,  and  (ii.)  tlif  annatur.^  r.a.  ti,,n 
of  thi-  I  Hit,  Ills  ill  th.-  amiatiiiv  lomhu  for^  wlii.  h  wiil  ii..t  i„.\v  li,-  in  tlu 
dir<-(ti,,n  ,,f  th,'  ii,l,l  llu\.  \V,'  havr  the  .siniplfst  h,rin  ot  tin-  "repul- 
sion "  motor.  (,,r  thr  maKiu  tic  t-tfect  Ix'tween  the  poles  of  the  armature 
and  tuld  will  nt  ct-ssiirily  Ik-  one  jif  n  piil-ion. 

By  trial  it  would  he  ixi-siblc  ti>  liii,l  the  p,,-itioM  of  the  i)ru-h,  -  whu  li 
gives  th,  1m -t  .  fleet  for  a  jMiti,  iilar  !.m<I  :  l.iit  this  position  will  not  hv 
one  <p|  spaikhs^  e,.mtuiitation.  >iiKf  under  the  complex  conditions  set 
up  such  c<tmmutation  is  impossible.  A  considerable  improvement  will 
be  obtain,  ,!  hv  1,111-  t h,  -li, .it  ,  ii,  nil ini,'  I.iu-Ii.n  ,.n  th,  ,han\,'t,  r  at 
ritjht  anyl,  -  t,,  the  ti,  l,l  ai„l  iiitn.diieiiij,'  tlie  mterpoles  either  in  the  mam 
cir,  nit.  as  in  l  i-.  ,S;,s.  „r  as  in  Ki^.  859,  the  brushes  in  »>oth  cases 
beins;  disconncctitl  from  the  main  <ir,iiit. 

The  first  s<,hitioij,  howev,  r,  nam,  l\  that  -.hi.wii  in  1  11;  -S  5, S,  loaves  the 


I  lie  Re|<nlii<>n  Motor. 

transf,.rmer  effect,  described  on  pa,s,'e  .Mr,  unii.ilanced,  and  therefore  i:  is 
necosaryto  add  the  brushes  alont;  the  diameter  ,if  fh,'  held  flu.v,  shown  in 
Fit,'.  S  jrj.  ill  whiih  liio  eeiitral  p,,iti,>n  ,,nly  ,,t  I-itr,  ,S  ;S  n-pnxhiced,  the 
other  connections  being  as  in  that  figure.  The  brusiies  6,  6,  may  be 
regarded  as  the  repulsion  brushes,  and  Hie  brushes  i,  h.  as  the  trans- 
former  bnishes. 

With  this  development  a  new  modification  becomes  possible,  lor  it  is 
obvious  that  if  an  ,  \ternal  current  be  supplied  to  the  brushes  h,  h,  of  Fig.  S^q, 
this  current  will  produce  a  field  in  the  sam,'  direction  in  sjia, f  as  the  ni.iin 
field  exciting  current  in  anv  of  thr  l  igs.  {>j5  to  .s It  is  ther<  f,,ie 
possible  to  dispense  with  the  main  exciting  coils,  ami  supply  through  these 
brushes  a  magnetising  current  to  the  armature,  which  being,  in  efiect.  a 
wattless  current,  will  not  absorb  much  energy'.  Being  wattless,  it  must 
n,>t  he  ,,v,  r!,„)ked  that  it  will  be  in  quadrature  with  the  alternate  H d. 
supplying  it.    The  arrangement  is  shown  in  Fig.  840,  in  which  only  the 
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1..  .  \1  libit 

till    ,11111  ilUli  |illl-lll> 


IV-  c,  will.  Ii  li.ivi'  Ixi  ii  i.  tcrriil  t(.«  hitliirti>  .t*  tht-  compett^^atini,'  con-*. 
I,   WfiiMil  With  i'\iit;itioia  rnii-. 

riic  alxivc  do  not  i'xhaii>t  the  posMlilc  auaiiyt  units,  an. I  tlu'  u» 
.f  transfornn'in  brine*  "till  Rri-attT  Hi-\ibilitv  into  tlu>  arr.inm-mt'nts 

t  .iiiv  of  th.  m.tli  i.1-.  Tlu-  m-cessary  cuii.iit-  t..i  tli.  t..r  may 
.l.si.>ii>ly  .lil  Ih'  suiiitlinl  (rum  the  stHomlary  ...il  ..|  a  ti.in-i  ■iin.i.  It 

\~  also  pissihU'  to  supply  tht>  >tati>r  current-,  dini  t  from  ih.  In -li  v ..lt,n;.• 
,  in  uit  and  thi'  r.  i.ir  t urrt-nt*  from  a  transforimr.    Or  ilir  dilu-ront 
r.  iiit-,  f..r  iii-t.iii.v  I.  (•  an.l  II  of  I'Ilv  inav  Ih-  stipplii'd  trom 

lillcl.  iil  t.ililiiim-  on  till-  ^.1  i.li.i.iiA-  I'l  th.-  >>iip^    ti  Jii-t.iim.  I 

this  ll«  \il)ility,  till'  I'Xi  itwiK  luin  iil  supi'lud  t 

Ml  FiR.  840  i<  n  pri  scntc'd  as  hfint;  snp- 
.1  ti'iMi  tl..   l.iw  vclt.mi'  ■-idi-  (.(at  111- 

i.iit  tran-(i>nnir  ;  ,  the  piiiii.iry  ol  wlii- li 

1-  in  Sfrirs  with  the  roinpin-eitinL,'  ciU. 

iliis  (  nabU'S  a  liitjli-voltaKf  supply  to  Ih; 

di   (  tlv  utilised  without  the  nt'ct'ssity  (or 

I  iniil..\  ini;  a  lan,'i-  step-d..\vii  traii-toi  nu  r, 

(i.r  the  transformer  U  is  cpiite  small,  as 

it-  onlv  function  is  to  svipplv  a  mag- 

lJut,  wli.iti  \  I  r  nictliiid  i>  .idoptt  il,  r.ile 
must  bo  taken  l)y  ronsiderm^  tii-'  chief 
luiVtii.ns  ii(  each  circuit  to  ensure  that 
.lic  phase  n  latioii-  and  currents  s\ippli<  <l 
iultil  tlu-  I. .iidiiion-.  The  motors  iKail 
with  are  all  essentially  series  motors,  and 
this  fact  must  not  be  h)St  si^ht  of  if  the 
principal  (.hj.  i  t,  nriniilv  a  raiiu'-  of 

efficient  si)e.(ls,  i^  to  be  attain.. 1.  llie 

illustrations  used  {I'igs.  ><;,5  to  840)  aii'.  o(  course,  purely  diagrammatic, 
and  arc  not  intended  to  indicate  metrical  relations.  It  would  carry  us 
much  b(  \('nd  the  limits  of  this  book  to  deal  with  these  metrical  relations, 
wliii  li  alx)  include  the  pliase  relation-. 

Starting'  and  Control.— As  previously  mentioned,  it  is  one  o(  the 
objections  to  this  kind  of  motor  that  very  high  voltaqes  cannot  l>e  tised 
on  a  conmuilator.  and  that  hence  it  ( .innot  utili-e  all  the  ,i.lv,.ntaKes  of 
a  monophase  supply.  I  here  are.  however,  as  .ilre.idv  pointed  out,  v,in. 
ways  of  overcominR  the  difficulty,  one  of  which  is  t'  >  work  from  the  se( ondarv 
of  a  transformer  carried  on  the  locomotive,  though  this,  of  course,  intrcjduces 

ailditi- ■::::!  c<^ni}^!iration  and  h-ss  of  -  -y  With  such  a  device  the 
(joiitrolliiiL;  of  single-phase  motors  for  railw,i\-  w.rk  1-  now  i,'enerally 
designed  on  the  multiple-unit  system  which  allows  ol  the  control  of  aiino-t 
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any  iuihiI)it  ui  idu  il  motor  cars  or  motors  operating  in  a  train.  With 
this  system,  which  is  (k'scribed  in  the  cliapter  on  "  Eloc  trie  Tra(  tion,"  th<- 
motor  circuit  is  not  controlled  din-ctly  by  tiie  driver,  hut  I)y  means  of  unit 
switches,  whi<  h  (  an  be  placed  qaite  dose  to  the  motors  and  can  be  operated 
eitlier  electrically  or  pneumatically.  The  heavy  current  -  carrying  con- 
ductors can  thus  be  made  as  short  as  possible.  One  advantage  is  that  the 
controlkr,  which  is  o|.,raftd  by  the  .lii\,r,  only  dc.ds  with  the  comjiara- 
tivdy  small  currents  nectssary  to  excite  the  magnets  of  the  switches,  and 
can  therefore  be  of  small  size,  whether  the  motor  be  of  loo  or  1,000  h.p. 
capacity. 

The  switches  for  the  control  of  one  motor 


Circuit  breakef* 


.i;roup,  con>i~tin.i.;  generally 
of  two  or  four  motors, 
-  are  usually  all  mounted 
torjether  on  a  frame,  and 
liTHi  what  is  commonly 
known    as    a    "  switch 
group."    If  the  locomo- 
ti\i'  I'i  tlic  motor  (\!t  is 
tittr<l  witii  two  or  more 
motors  it  is  a  common 
practice  to  connect  them 
permanently    in  >eries. 
Iicc  ausf  in  this  case  the 
Voltage  of   the  system 
ft  can  be<loubled,  and  there- 
tore  the   main  switches 
(/.^\m  W  built  tor  a  much 
lower  current.    The  mo- 
tors are  connected  through 
these  switches  to  a  nnm- 
Mvoii.lary  of  the  transformer,  by  means  of  which 
impre>sed  upon  the  motors ;  and  since  the  single- 


yswiCchesy  ^- 


E<i.— Multiple  Unit  Coiitryl  for  Commutator  «.c.  Motora. 


her  of  tappings  on  t',. 
variable  \-oltage  can  b 

phase  series  motor  has  much  the  same  characteristics  as  a  continuous 
current  series  motor  (sec  Fig.  834),  the  speed  of  the  car  or  train  can  tluis 
be  readily  regulated.  Fig.  841  shows  (liagrammatically  the  arrangement 
and  sequence  ol  the  >witrlies  for  a  four-motor  eipiipment  as  designed  by  the 
British  West inghuuse  Klectric  and  .Maimfacturing  Company.  Eai  li  mot(jr 
in  this  particular  case  has  a  capacity  of  150  h.p.,  and  the  se.juence  of  the 
closing  of  the  different  switches  is  shown  in  Fig.  S42.  In  this  table  a  black 
dot  signihes  that  tli.it  p.irticular  switch  is  closed  when  the  controller  is 
on  the  step  specified  in  the  left-hand  column.  If  the  reader  will  compare 
Figs.  842  and  ^(41,  he  will  find  that  whenever  a  change  is  made  to  a  new 
tap  on  the  secondary,  tiie  resistance  k  is  introduced,  and  that  when  the 
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contrnller  is  moved  to  the  m»xt  step  r  i>  ci:t  nut,  wliilst  tlio  conno  tion 
to  till'  -rroMil,ir\-  n  iii;iiii-i  niii  li.iin:i-'l.     In   tlii~  ,1  lu  tlrr  i;iM'l\i,i; ii 'H 

of  ( iinoiit  ami  utiur  ;i(l\Miit.ii;ts  art'  nliiaiiuil.  lii  l  i;;.  >4i  llu'  I^ur 
Inotor^^  are  jH»rmanently  lonnectetl,  two  in  seriis  ami  two  p.iralKl.  tlir 
tiflds  of  each  pair  hvin^  diivitly  in 
-iiif-;.  fiisuriiij,'  the  same  lurrriit 
i!ii"Ui;li  (■a<  ii.  It  should  also  bo  m)te<l 
that  reversal  is  aceomplishcd  by  re- 
versinj;  the  tield  nirrent.  and  ro)t  by 
ii  \rr--inL;  the  ciirri'iit  in  the  afliiat are-, 
riie  re^^t  of  the  diai^raiii  (Fig.  !54l)  is 
-elf-explanaton,'. 

Ani>ther  method  of  meeting  tlu' 
<liffiotdty  is  to  supj^lv  the  hif;h-voItage 
main  1  nrn  nt  direi  t  to  tlie  stator  or 
tield  magnet  only,  thus  saving  the 
transforiner  losses  on  the  portion  of 
the  rneiL;\-  drawn  from  this  (  nrrent  : 
the  ainiature  I  urrerit,  however,  must  be 
l)assed  through  a  transformer,  because 
of  lominutator  diffieulties.  Such  a  course  was  adoptrd  with  the  early 
forms  of  the  V.'inter-Eii'hber;,' conmmtator  motor,  tiir  ionnii  tion>  b.  iii^ 
shown  diagrammaiieally  in  l  ii;.  S4;.  Startini;  fnjni  tlic  lower  main,  the 
current  tirst  passes  through  the  lield-magnet  coils 
from  r.  to  tr,  and  then  through  the  prim.iry  i'  of  a 
transformer.    Tlu-  >ei  ond.irv  >  "t  tr.m-loi im  r 

is  in  s<  (  tions,  one  or  mor.  of  whii  h  (  an  bi-  am- 
nected  to  the  reversing  switi  h  v,  whence  the  cur- 
rent is  passed  to  the  brushes  i:  and  i'.  '!  he  rotation 
is  reversed  by  throwing  over  the  rever-ing  >witeh, 
thu-  levcr-irig  the  low-voltage  armature  current, 
and  for  starting  purposes  the  voltage  supplied  to 
the  hnishes  k  f  is  lowered  by  using  fewer  of  the 
sec  tion-'  of  s',  fiiini  wliii  li  tlu  ir  arr  -r\i  i-al  t.iiipin.;^. 
Short-cin  uiting  bru>hes  fur  the  inductive  trans- 
former currents  in  the  armature  wimlings  are  sl'.own 
at  £■  and  </. 

The  later  Winter-Lii  hberg  comimitator  motors, 
desciibed  above  as  used  on  the  London  Brighton 
and  South  Coast  Kaihvay,  were  carried  in  pairs  upon  the  two  bogies  of 
a  motor  coach.  One  of  these  bogies,  with  its  two  motors,  is  shown  in 
I'i^.  S44.  li.ii  h  p.iii  c  f  motors  h.id  it^  M  jiarate  main  transformer,  the 
two  motors  being  joined  up  permanently  in  paradei  and  operated  by  the 
104 


-.  4       ■  >tai  In  14  .iMii  i  i 
1 1  •  iliiM  J     I  ■  ■:ini-i  ti  ti >r 

K;*tl\-  h'uTMi  ofiiic  Wiiit<M- 
l-.i'  iii  rr.^  i  lai  li.'li  M  ■!■  .1. 


Er.ECTRiciTr  ix  the  Sf.rvicb  of  Max 


same  set  nf  contactors,  actuatfd  li\  <  untrol  circuits  Iniiii  a  master  con- 
trollt  r  ( itlu  r  on  tlic  coadi  or  on  anotlier  motor  coai  li  on  the  train.  The 
(oiitiol  I  \iirt  nts  were  obtained  from  a  small  au.viliary  transformer,  whose 
primary  was  on  a  separate  O.Ooo-volt  circuit  and  in  paralli  l  witli  i  In- 
main  transli.rnKTs. 
The  pressure  on  the 
Control  (■  i  r  (•  u  i  t  ~ 
wliicli  niii  tlirou,:;li 
all  tliemotorcoaches 
on  the  train  was  300 
volts,  'n  •  electrical 
liii-itioi.-  Ill  till'  riin- 
tactors  in  tlic  power 
circuits  was  as  triven 
(li;mr,uniii,ttii  .i!lv  in 
l'ii;..S45.  riinrwt  TV 
ti\t.'  t.ips  on  the 
secondary  of  tlie 
main  transformer 
dividing'  it  into  four 
sections,  giving  430, 
580,  640,  and  750 
were  supplied  from 
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\  (ilt~  ri -i)i  <  ti\  i  l\ . 
an  auto-translcinur 
iiif^s  of  the  stator.  the  r«  ni,iiiider 
<.f  the  stator.    One  brush 


rrrnts  for  tlir  arin.itm'c 

il  wliii  h  was  in  p.ir.illri  with  tin-  la-t  wind" 
ir.  civinR  the  wiioir  <A  tlic  rituni  1  nrrent 
lirectly  connc^^ted  to  the  end  of  the  stator 


windint;  and  the  otln  r  to  a  ti\ed 
]iniiit  in  the  windin!,s  of  the  auto- 
translormer,  variations  of  \(iltage 
being  obtained  by  different  tappings 
of  the  transtni  nu  r. 

The  abt)Ve  \\ill  give  'he  roadei 
some  idea  of  the  principles  involved 
and  the  ni'  tlimls  eniploved  in  control- 
ling  monii|i|ia-e  comnnit.itor  motors 
in  traction  work.  Details  (  '  tlit"  ap- 
paratus will,  if  '■Jiaci'  permit be  yivell 
in  a  later  section       Chapt<  r  WTI). 
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CHAPTER  VI 


DYNAMO  AXP  MOTOR  TESTIXG 

\'\Ki(irs  riirvi'~  slunviiii;  tlu'  n  l,iti'>ii-  tw  i  ii  the  ililli  rcut  quantities 
mvdlvi'il  liavi'  hvvn  t;ivfii  Iroin  tiiiii'  to  tiiin'  in  the  itiliii^  J'agc-..  a;ul  it 
will  now  bo  <iiiivcnit'iU  to  refer  briefly  tn  the  mure  Keneral  cotisiiU  rations 
iiiil  iiirtlii  i!-  iiiv.il\r(!  in  tlic  t(  -tiiii,'  (>f  dynamos  and  nuttors,  dealiiiL;  I'nst 
'Aiili  continnnii— riiM (lit  nKirliiiu's. 

There  are  t\\M  ]iiiints  of  view  from  which  the  testing  of  anv  inailiine 
may  be  approached  namely,  from  the  [»nt\t  of  view  of  tlio  mauntactiirer, 
and  from  tlie  point  of  view  of  the  user.  Tlie  otijects  in  the  two  ca-.e< 
lie  (lilfen  nt,  lint  not  ucr.  .-.irily  aut  iu'ini^lic.  The  'i;re--i\T  inanu- 
Uictuier  will  examine  the  machine  not  only  a>  to  its  actual  pertoniiance, 
hut  also  in  regard  to  the  various  details  of  that  performance  and  the  mider- 
:\iiil;  jxis-iMlitie-;,  whicl)  may  tenil  t  inove  the  de^i^'ii  eitlur  in  thr 
ihrection  of  the  production  of  a  v  .  i  f  --till  hi^;her  ethcieiu'v.  ^r  of 
les-eniuf,'  the  cost  of  production  by  ions  of  details  without  -iii  iiisly 

affecting  the  efficiency  of  the  mad  i'  Ihe  user,  on  the  other  hand,  is 
'inlv  concerned  with  the  actual  peri. .nuance  of  the  machine  under  te-t, 
i;ul  with  the  examination  ot  .-ii'  li  det.iiK  .1-  111. iv  .itfect  the  co-t  "i  hi.iih- 
teiiance  or  upkeep,  and  e>i)ecial!y  with  ie,i;ard  to  the  qviotion  of  the  piohaMe 
charges  for  renewals  and  repairs. 

Altllou^h.   how,.\-,-r,   the  ollject-  of   tlie   ti  -t-   ale  ilitfelent.   it   doe^  iiiil 

ii'llnw  that  the  te>ts  theniM.lves  ditler  u;reatly.  Tiiey  imwt.  in  I, let.  owr- 
lap  to  a  ;,'reater  or  less  extent,  and  of  the  two  the  mannl.K  1  in  1  1 ie-t  — 
e-pecially  in  the  case  of  a  new  pattern  of  a  machine— should  be  by  far 
the  m<ire  seardiini;  and  thorough,  and  -^hi  uld  it;ctude  all  the  user's  tests. 
Tor,  .liter  all,  it  doe>  ii<it  pa\'  .1  m.iniit.u  iurer.  i'.  the  Imiu  run,  to  tniii  out 
a  iiiachine  which  will  be  co>tiy  lor  inamleiiance,  upkeep,  or  rej)an>.  as 
such  a  jiolicy  cannot  lead  to  "  repeat  "  ordiTs  or  build  up  a  goml  reputation 
for  any  firm. 

I  -  11^1  1  IM1\  1  \.\M!\ A  I  lOV  .\Nri  TlSTs:    MAlHINKS  ST.XNDI.SCr 

Mechanical  Examination. —The  aiijiaratus  we  are  dealiiiu  with  iK'iuf,; 
essentially  mechanical,  the  first  tests  to  apply  should  lie  from  a  piireh- 

uiicli.niie.il  ;'oiiit  ot  view  ,  and  -hould  enn-i-i  o|  ,1  t  li^  m  ,  mt  1  li.iiin  ,il 
e.\aniiuatiou  i.i  the  various  pan-  i.t  tiu.   niaeiiiiie.    Thm  the  .-iuo..ui 
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runiiint;  of  tlu'  ^liaft  in  it>  btMriiii;-;  and  tlic  nii-thnds  adopted  for 
liiltricit ion  slimild  hr  cMit'tiillv  i'\ainiin  il.  W  lit  if  lln  liKiclime  i>  rt'(]uiit'il 
to  run  lor  a  loiit;  pt-riod  uitliout  attiiilion  tlif  luluiiation  sIkjuKI  1>v 
automatic,  and  the  probable  etiftciency  of  the  means  adopted  to  secure 
(mi'  ii.iL,!'  I7,s.  \'ol.  II.)  ^Iii'ulil  ill-  I  arofiilly  cou^hlcri d.  Intiniatclv 
coiiUfrtcd  \Mtli  the  >niiHilli  nniniiii;  of  tlif  >Ii,il't  i^  the  lialMUce  nt  tln' 
rotating;  part  (sr.-  pai;f  171,  X'd.  II.).  Ti>  ti'-t  tlii>  -cvcirh  tlir  lotatiii:,' 
part  should  Ik-  run  at  a  liiyh  rate  of  speed,  and  any  tendency  to  cJiatter 
in  the  hearinijs  should  be  noted.  S. ;ch  chattering  is  due  to  want  of 
]H(ii)rr  balance,  ami  the  t<'H(lriu'v  to  ^ 'rittcr  will  incrca-c  i"UL;!ily  a-  tin 
square  of  the  speed.  If,  therelore,  liie  siiaft  l)e  run  at  douI>le  the  ni>nnal 
speed,  this  e\'il  effect  will  increase  about  fourfold. 

Next,  the  methods  provided  by  the  design  for  fiettin:,'  at  the  movini< 
or  lixed  i)arts  in  the  event  of  a  breakdown  should  be  cart  lullv  notccl.  A 
machine  which  can  be  disnianded  rapidly,  and  without  the  use  of  special 
gear  or  tackle,  is  catcris  paribus  a  better  machine  from  the  user's  jH)int 
of  view  than  one  which  cannot  be  so  dismantled.  The  ease  with  which 
lield-inai;ni  t  or  arniatnre  coils  or  sections  can  be  n  innvcd  and  replaced  in 
the  event  of  a  sliort-circuit  is  especially  inijMutaut.  In  the  early  ilays 
armatures  were  so  designed  th;.t  tliv  M  inoval  of  a  siiii^le  turn  of  the  winding 
practically  involved  the  unwinding  of  the  whole  or  the  greater  part  of  the 
armature.  Manufacturers  are  now  much  more  alive  to  the  necessity  for 
careful  design  in  this  ri--i)ect,  and  with  armatures  wound  witli  "  foimer  " 
coils  (sec  page  Si,  etc.)  it  is  possible  to  keep  some  spare  coils  in  st(jck  for 
use  in  the  event  of  a  "  bum-out."  As  motors  and  dynamos  are  now  used 
extensivelv  in  s.  nnewliat  inaccessilile  places,  far  removed  Iroin  manufacturing 
centres — as,  for  instance,  in  mining  camps  in  mountainous  districts  -  it  is 
important  that  a  breakdown  of  this  kind  should  be  repairable  rapidly  on 
the  spot  with  comparatively  unskilled  labour.  Some  manufacturers  issue, 
for  such  emergencies,  elaborate  instmctions  which  any  good  mechanic 
should  be  able  to  follow  w  ithout  special  electrical  kuowk'd,i;e. 

In  conuimtator  machines,  whether  continuous  or  alternate  current, 
the  brashes,  brush  gear,  and  rockers  require  careful  examination  from 
a  strictlv  mecli.niical  point  of  view,  Similarl\"  attention  sliould  he 
given  to  slip  rin,i;s.  blushes,  eic  when  used  on  alternate-current 
machines.  The  arrangements  for  holding  the  brashes  against  the  com- 
mutator or  ilif  slip  riims  and  the  rei,'ulation  of  the  pressure  with  which 
tlie\'  are  sn  held.  a>  well  a-'  tin'  arf.im^ements  for  completely-  remn\-mi,'  a 
-m:;lr  biii^li  l>ir  adju-.tnient  n  pl.u-i'ineiit  wliil>t  the  marliiiie  is  running, 
sliouiil  i.11  be  carefully  tested.  The  rocki-rs,  if  any,  should  move  freely, 
and  when  clamped  should  1h»  firmly  held,  with  no  danger  of  being 
loosened  1)\-  the  xihiatioii  of  the  inai  liine  wlu-n  rumiing. 

Electrical  Examination.  -This  will  inchule,  first  of  all,  the  testing 
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of  tlio  coitdiniivitv  of  the  various  conductin.;  circuits  by  one  or  otliir  of  the 

111.  tli<i(l-  tullv  (U  -i  ribril  i  I-cwIk n-  in  ilii-  luMik.  r"r  -liuut  windings 
liif  rc-istanci-  cm  l>c  Hir;i^mf<l  in  thf  "i  iin.iiA  w.iv  with  .1  \Vhi';it>f one's 
bridge.  Tho  n-i-t.uuf  ef  the  annatun'  "i  .  t  iIk'  -nii  -  nuigni't  rnils  is 
\»UvT  ascertaiiitd  by  the  full  of  potential  nutlwi  ni  winch  are  nieasunil 
the  volts  recinired  to  drive  a  certain  (measnr.il)  current  through  the 
.  iicnit  nndfi"  tc-t.  Tnr  hipdlar  niacliinf-  tlit-  .iinialinr  rc-^i^t.incr  1-  cHiii 
taken  by  placing  the  testing  leads  on  two  dianutrically  oppo-itr 
i.f  the  commutator.  This  method,  however,  neglects  the  resistance  i>i 
tlir  bni>lu~,  and  the  contact  re-i-tancc  between  the  bmshes  and  the 
ccnnnntatiT.  flu-  te>t  shonld,  tluicloic.  be  made  either  for  bi|M)lar 
or  ninltipnlai  machines,  between  tln'  -|-  and  —  brush-holders,  with  the 
lui-hes  all  down.    Even  then  the  contact  resistance  is  not  the  same 

when  the  machine  is  running,  and  the  most  satisfactory  test  of  the 
.1.  H1.1l  Winking'  iT-i-tancc  of  the  aiinatm-e  can  be^t  be  made  between 
-|_  and  —  bru>li-liolders,  ur  rings  with  the  brn-lie^  all  down  and  the 
tield-magnets  as  much  as  possible  removed  and.  in  any  case,  nnexcited. 

The  conductor  re>i>tanee  sli.mld  always  be  tested  with  the  machine 
/(e/  as  well  as  with  it  cold.  The  lornier  is  the  tnie  working  resistance 
\mder  load,  and  should  be  taken  immediately  .liter  a  long  run  at  full  lo.id. 
A-  the  variation  of  the  resistance  of  copper  with  temperature  is  somewhat 
Lir^e  (MV  page  730.  Vol.  I.),  the  difference  between  the  hot  and  the  cold 
re~i-taiu\-  is  by  no  means  a  negligible  quantit\-. 

The  next  important  electriciU  test  is  the  insuiation  resistance,  which  should 
he  measured  between  each  separate  circuit  and  the  frame  of  the  machine, 
ai'.d  between  circuits  which  in  anv  place  lie  close  together,  as  for  instance, 
between  shunt  aiul  -t  rie-  coiN.  if  the-e  are  wtunid  011  the  --aine  bobbin. 
The  methods  of  measuring  -neli  higli  re>istanre-  an^  diM  U-^eil  el-.  wliere 
(v.-  jiage  759,  Vol.  I.,  and  iiijhi).  In  tiiis  case  the  le-t  sho\ild  be  made 
with  ,1  voltage  three  or  four  times  that  at  whicli  the  machine  lias  to  In- 
worked,  and  then  it  become^  .i  te^l  of  the  J;, /.i //'(c  •./;,  ;;:■'/!  of  th(  in~'il:-- 
tion  as  well  as  of  its  resistaiiee.  Testing  with  a  pl■e■^-n^e  ten  01  iwei!!\ 
times  the  working  pressure  is  sometimes  advocate<l :  but  this  is  distinctly 
wpiiii;,  for  ill  ,1]), '\in-  ~n<h  a  te-t  the  iiisiil.uion  ni.iy  be  weakened  by 
being  ovei>tiaiiud,  without  actual  giving  way,  and  the  incipient  weakness 
thus  started  may  increase  with  time  and  seriously  shorten  the  life  of 
the  insulation. 

All  ill-'  foregoing  tests  are  of  interest  to  lioth  manufacturers  and  users. 
I.eaviiii;  lor  a  time  ..11  ..iu-  vj,!,.  to^ts  ..f  m.i-netir  It  .ikage.  etc.  wliieli  ,ire 
only  of  interest  to  the  maniilaitnier  .md  the  obtaining  of  the  i  \tcrnal 
rlninich-ristif,  which  has  been  alreadv  explained  (stV  page  511,  Vol.  I.) 
for  r..un,nions-eiineiit  m.u  hiues,  we  ^li.ill  r..-  .liter  describing  how  -pee-ds 
may  be  mcasiued.  to  the  most  importa  ii  Usls  of  all— namely  tbuae 
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which  (kttTiniue  the  efficiency  of  the  machine.  For  tJiis  purpose,  as 
beinf,'  the  simpler,  we  shall  deal  first  with  motors  and  afterwards  with 
generators. 

II. — MEASUREMENT  OF  SPEED 

Tlu-  r\atnin;itii >ii  of  a  iiiacliinc  when  >t;miliii^'  i  :mnnt  >iippl\'  tin'  data 
n(  (  i>>ar\-  to  i  >tiinato  the  jxTtoniiaiu  i'  ot  thr  mat  liiiif  uiicl<  r  workiny  coii- 
ditioiw.  tliiiiiu'h  it  fiives  valuable  intorinatimi,  soiiio  of  \vlii(  li  may  Ix'  indis- 
pensable H  the  tv'sts  are  to  be  R'Rartled  as  exhaustive.  To  obtain  the  most 
iini)ortant  data  tiie  niarliine  should  be  run  at  the  sjx-ed  or  sjieods  for  which 
it  Was  (.Usigned,  and  furtlitr  tests  applied.  \Vlien  so  ruiiiiiiiu;  an  iSM  iitial 
factor  is  the  sp.  jd,  anil  methods  of  measuring  speed  and  variations  of  speed 
tlms  become  of  paramount  importance.  A  digression  on  such  methcKls  will 
tlii'irlorc  lie  a|iprn]iriati'  at  this  point.  In  practice  speed  iinii-t  he  ol)^er^'ed 
either  tlirectly  l)y  means  ol  a  sprcd  inniitcr  or  a  speed  iiuiicMor  or  l^ili  uiit:)-, 


as  it  is  sonietiine~  t  ailed,  or  indirectly  1)}'  sonu'  larilully  devised  and  con- 
venii  iit  method.  .\  w  idely-used  simple  form  of  speed  or  revulutions  counter 
is  shown  in  Fig.  846.  It  consists  of  a  movable  spindle  s  s,  the  ends  of  which 
are  tiled  to  a  pyramidal  point,  as  shown.  The  spindle  has  at  its  middle 
an  endless  screw  w,  which  eiii^aue--  in  the  teeth  of  the  di^c  i:.  As  there 
are  100  teeth  in  the  di>c,  the  spindle  will  make  100  revolutions  for  each 
revolution  of  e.  A  scale  on  the  disc  marks  the  number  of  teeth  passim,'  any 
given  jiiiiiit  /,  ,mil  at  A  there  is  a  jirojectin^j;  metal  ]iin  which  striken  the 
second  disc  ii  niue  in  e\ei\  ve-  cihition  I'f  i:,  and  nio\es  it  one  tootii  further 
on.  As  there  are  ten  projecting  teeth  on  H,  it  will  make  one  revolution 
to  every  ten  of  r,  or  ever\-  1,000  revolution^;  of  the  spindle.  .\  small  coiied 
hole  being  liored  a\iall\-  in  tlie  end  of  the  shall  i.f  the  motor,  the  spindle 
s  Is  held  against  tlu'  centre  ot  i!h'  shaft  (1-otli  a\e-  iu-ing  in  line)  h\  means 
of  till'  handle  (;  for  a  measured  interval  of  time — say  tiiirty  seconds  and 
the  difference  in  the  readings  of  the  counting  wheels  at  the  Iwginning  and 
en.d  tl;''  time  ni>iid.  From  this  difference  and  the  obseived  time  the 
K.i'.  M.  can  be  calcnlattd. 
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fireat  care  should  be  taken  in  applymi;  tlie  speed  rniintins;  <ir  injlicatinR 

iii-tnmu'iit  so  that  im  additiniial  ciul  Iric  tiou  i-,  tliinwii  "ii  tin-  >-lialt  Thi- 
iiutlii'd  just  lU'sri ihcil  ddc^  nnt  sccnii'  tliis  iniuliiioii,  o>}>iriallv  with  >iuall 
iniiturs,  as  tdu-idiiablf  Imd'  is  snimtinu's  iisi-d  to  press  the  end  <>1  the 
>piiulle  into  the  coned  Jiole  in  the  >liatt.  'fiiclioHitrrs  or  .s/i<'((/  iiiJiiiitors 
which  can  be  coupli'd  npwith  a>j)iial  -prinu  or  otlier  tiexihli"  <-Mnn('cfions  are 
tluielnre  pri  ft  laMc.  Then' are  M  \  t  ral  patterns  of  tlit  -<'— 'hh' d  which  arc 
liased  on  tlie  principle  of  the  ceiitriliij,'al  governor  iised  on  >t(  ani  engines. 

Very  convenient  for  electrical  work,  however,  are  some  of  the  imlirect 
iiu'thiids,  r^peciallv  thusi'  which  use  the  j'liiu  iple  ■>!'  tiu-  l".iiad.i\'  ilisc 
dv  iianiu  (Fi,L;s.  450  and  451,  \i>\.  I.)  in  coniliinatmu  with  a  \  Mlinieti-i.  wliirli 
I  an  be  f,'raduated  in  k.I'.m.  Inr  thtnaiticnlar  speed  indicator  used.  Th.-p.td 
in  this  case  is  read  off  as  the  deflection  on  a  scale  of  th"  jiointer  of  the  volt- 
meter. One  of  these  mai;neto-electric  speed  indicators,  devilMpid  by 
l»r.  Diy-cLii.-  and  the  -tatf  in  the  kiboratiuic-  ai'd  \M.rk>h"p--  n|  the 
.Vortlianipton  Polytechnic  Institute,  was  desciilx'd  in  llu-  second  volume  of 
this  work,  and  a 
^iinilarinstrunu'nt, 
dilti'i  ip.i,'  in  details. 
\',  a-    -lll'^ecllU  lltly 

I'louf^ht  out  by  the 
Wes  t  i  n  ijh  o u  se 
I'^lei  trio  ('om])anv. 

The  defect  al- 
readv  mentioned 
< 'f  ihost  niicliaiiical  metlii 
the  Irictional  loa<l  on  the 
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Ills  111  iniM>i!  nu'  ^i"  .  d  i-  that  their  r,-r  .nMs  to 
nun  hiiie.  liii>  .i.Mition,  howc\ir  -liulit  it  niav 
he,  and  thou.uli  often  ne.tjligible,  interferes  with  tin-  ainuMcx  i  f  the  ti-t, 
and  in  the  case  of  small  motors  may  be  appreci.ible.  I'ortunately,  optu  al 
methods,  dcpendin;?  on  the  delicacy  of  the  Iniman  eyi-,  are  available  whii  h 
are  entirely  free  from  this  defec-t.  rhe\'  are  kn<i\\  ti  a  -  -\r'  'hi  1  'iiic  nn  thuds, 
being  based  on  the  principle  of  the  st  ientihc  toy  i  .illed  the  "  strolio>..  upe," 
or  "  wheel  of  life,"  and  utilise  the  property  of  the  eye  known  as  the 
"  per~i-tence  of  vision,"  and  sumetinii'-  ri  i^ardnl  a>  a  deli' t.  l  lu-  phs  >ii>- 
loi;ical  l.ut  is  that  if  li,L;lit  lalU  cm  tlie  retin.i  fur  .1  Inief  iut(  i-\,il.  otie- 
niillioiith  of  a  second,  the  impression  ]ier^i-ts  for  ahout  oni  -i  i-hiii  of  :i 
second,  which  is  ipiite  a  long  period.  If  durin.t;  this  i»eriod  other  brief 
images  fall  on  the  retina,  the  two  or  more  imaijes  ar-'  all  -een  at  once, 
and  if  formed  on  the  ■-ame  part  of  the  retina  ,iri-  -iiiHrpo..c,i. 

Bearing  this  in  mind,  hi  a  large  tuning  fork,  >ui  li  a~  is  >hown  ni  I'ig. 


s  t-  * 


be  mounted  on  a  stand  so  that  it  can  be 
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.will 


^.inu-  -'I  I;  Mil-'  ' 
whilst  oil  tiiL'  .•.l.ill 


HI,!  It^Mt^  ;ile  l.iKCn  fli'iii  .tin 
it  llic  N'lJilliuinplnii   t'ol>  U-cliiiii: 


electricilly  driven,  that 
Ut. 
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is,  niaintaiiii'l  in  vil.r.ition  rontiniKni-ly  for  Idiii;  inrin.!-  ^A  tinif.  Tlii-; 
Dbjt'Ct  is  att.iinr  l  bv  niduntinm'  bt  twccii  the  prongs  nf  the  furt;  an  ili  'tru- 
maRiK  t  M,  whitli,  wlicn  energised,  will  attract  the  steel  prongs.  When 
the  i)riinKs  are  «o  attrartetl  the  circuit  of  the  electromanntt  is  broken  at 
a  im  n  r.rv  i  i  iitai  t  .it  (  .  and  the  prongs  spring;  hack  only  to  he  aj,  liii  attra<  tid 
and  reieaseil.  In  this  way,  employing,  in  fai  t,  the  •  make  and  ijreak " 
principle  used  in  the  electric  trembler  lx-11,  tljc  fork  ran  be  kept  in 

vil)rati<>n  f(ir  liciur>  if  icipiiit'il. 

Tlie  fork  used  is  a  >t.indard 
tuning  fork,  making  a  con- 
venient number,  say  50,  of 
double  vibrations  jier  second. 

ccMc     I   Tu*iw. ro«iv-J  ()„  tlic  cud  of  ( M(  h   pr. nii;  is 

mounted  a  sliutler  s  witli  a 
central  slot  parallel  to  the 
loiifith  of  the  fork,  tlie  two 
sliultirs  Iieiiij;  .in,iiii,'ed  oni'  luliind  the  other,  and  tlic  two  slots  >o 
placed  that  they  are  exactly  opjxisite  one  anotlier  when  tlie  fork  i>  at  rest. 
If  now  a  beam  of  light  (i  ig.  84S*)  be  projected  on  the  shutters  and  trans- 
versely to  the  fork,  it  will  pass  throui^h  the  slots  when  the  fork  ii  at  rest, 
.iml  also  t\vi(e  (hiriiii;  tach  vil)r,ition  as  tlie  slots  pass  one  another  wlicii 
the  fork  is  \ihrating.  During  the  remaining  j)eriods  of  each  vibration 
the  light  will  be  eclipsed  becatise  each  slot  will  be  covered  by  some  part 
of  the  other  sluittcr.  In  tliis  way  there  is 
obtained  a  periodically  inlirrui'ted  Iv.ani  of 
light,  the  Haslies  followin.t;  one  another  at 
known  intervals,  which,  in  the  case  of  a  50- 
period  fork,  will  be  one-hundredth  of  a  second. 

The  next  stej)  is  tlie  most  intcrc-tintr. 
namely  to  use  ihese  periodic  flashes  to 
illuminate  a  pattern  on  a  revolving  disc 
•  ittaclinl,  s.iv,  to  till'  end  of  the  shaft  wliose 
speed  it  !-  desired  to  iletiTniiiie  and  to 
ohserxe  tlic  cllci  t.  Two  such  jiatterns,  both 
of  which  have  been  found  convenient  for  k.r. -4^. -i)ry«iak's  siroi,u-.,.pic  uisc 
speed  determinations,  are  shown  in  Fi^s.  S40  and  850.  I-'ig.  S40  is  one 
published  b\-  I>r.  Drysdale  in  11105  ;  it  consists  of  an  outer  (  ircle 
of  },Q  small  wliite  triangles  on  a  black  ground  ;  inside  this  a  white 
hexagon,  enclosing  a  black  pentagon,  which  in  its  turn  encloses  a  white 
central  S(|u.ire.    In  V\\i.  850,  pnhlislud  by  I'rof.  Kolicrt-^on  in  i<iij.  there 


are  a  series  ol  black  triant 


Ml  a  wliite  ground  arrangid  round  siicces- 


*  In  tliis  figure,  taken  from  a  jjaptr  Ijy  iTof.  KolitrLwii,  furk  is  rcprfsentod  as 
litiii)'  «et  up  veitically. 
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Wv  n.ixintri.-  .ir.l.s.    Ihv  iniuTniost  cmU-  carries  twelve  triangles,  ami 

.|„  ntli.r-  n.  nv.Ur  tliirl.-.n,  lnnrt.,  n,  litt.rn.  .iiM  Mxti.n  truiif^Ies  resjx-c- 
lively.  I'n.jeeting  iiuvar.l>  in.in  the  rin  uiiil.  i  eii.  e  ..t  the  .  anl  are  sixty-four 
triangles. 

Ti„.  iH...  t  ..bM  rve.l  wll  usuallv  be  that  Mmie  ot  the  ti^ures  or  iiii;;- 
„t  triangles  will  appear  to  be  rotating  slowlv  or  -luiekly  in  the  suite 
.Hrection  as  the  rotation  ..l  the  >h..tt.  an.l  oth-r-  in  th.  ,.p,..„tr.  ihu- 
imure  or  ring  may  appe;u:  to  be  .piite  >tationary,  an.l  it  tln>  i.appens  the 
<,,ee.l  at  which  tiie  car.l  (an.l  shaft)  are  revolving  can  be  simply  found. 
l.,.r  in-tan.  e  it  uitli  the  .  .a,l  ot  l  i:;.  ><v>  -l"'"-''  apju-ars  statUrtiary 
this  will  probahlv  be  due  to  tlii'  laet  that  b.tue.n  two  >ucce*Mve  flashes 
the  square  has  been  rotated  by  exactly  a  ,in,iitei  ot  a  rev..hiiion  tor  if 
.o  the  new  po-iti.m  will  exactly  cover  the  ohl,  ami  the  s.piare  nmU  appear 
stationary.  H  a  so-petioil  fork  is  Wing 
used  the  interv.il-  between  tlie  lla-lus  are 
(i-ol  sec,  and  in  this  tune  the  lard  rotate> 
\  n volution:  the  time  for  a  whole  revolu- 
tion is  therefore  0-04  >ee.,  wliieh  .uives 
revolutions  per  >econ.l  or  1,300  per  minute. 

This  is  a  "  probable  "  explanntion  of  the 
stationary  s.piare  ;  but  it  is  obvious  that  if 
between  sn.  <  e><i\  e  Hashes  the  card  had 
been  rotated  half,  three-ciuarters.  or  a  wliol,- 
revolution  tiie  same  optical  effect  wi>uld 
have  been  pro.luced.  and  in  these  cases 
the  slialt  speeil-  wonia  li.iv.^  bei'ii  .'..ooo, 

or  b,oo.,  K.f.M.    In  a  ,.iven  ca^e  it  is  easy  to  select  the  most 
i>robable  of  these  possible  six-eds. 

siniihrlv  it  the  peiita-on  or  hexagon  had  appeared  stationary  the 
effect  coul.l  be  expl.uned  bv  Mii.posing  a  l,th  or  a  Jth  (or  any  simple  mul- 
tiple of  these  fraction.)  rot,,tion  of  the  shaft  b.  twccn  su.  c-mvc  lla-hes, 
whence  the  -peel  c  oul.l  be  deduced,  a  reasonable  .  hui.  e  lu  nig  ma.le  be- 
tween the  vari.ai^  spe,  .ls.  any  one  of  which  would  explain  the  effect. 

\nother  po"ib!e  op,,.,,t  ,  licet  i~  that,  f..r  ii.~taii.  e,  two  squares  may 
appear,  svmmetneallv  cr.,.se.l,  ^uuig  a  >tat...narN-  eight-po.nt  star  figure. 
This  effect  will  be  produced  if  the  shaft  be  nutating  at  750  k.v.m,,  l-n.g 
one  h  ilf  the  lowest  of  the  above  spivds.  or  any  odd  multiple  of  this  spec,  1 ; 
and  a.-ain  it  is  usually  possible,  fr.-m  other  considerations,  to  select  the 
actual%pee<l.    Similarly,  the  appearance  of  cn>ssed  pentagons  or  hexagons 

niav  be  utilised.  . 

l  in  illv  if  the  spie.l  of  rotation  be  not  exactly  such  as  to  give  a  sta- 
tionarv  appearance,  but  be  near  that  i  ce.!.  t!:e  particulnr  pattern  will 
appear  to  be  rotating.    The  n.tation  will  be  r.ipi.l  if  the  spee.l  be  far  removed 
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from  that  \vl,i(  h  ^ivt^  the  stationary  ap|H-arana',  but  will  InTome  slower 
and  slower  as  that  simv.I  is  approached,  until  at  thr  e\a.  t  spr,  .1  tlie  ti-m, 
is  statinnan-.  If  th.'  sp.ed  b««  too  fast  the  rotation  i>f  the  ti«ure  will  h, 
ni  the  .liiv,  ii(,ti  ,,f  the  rotation  of  thr  -halt,  luit  if  it  be  too  sh.w  the  tifjure 
will  rot  i'e  bac  kwards,  an  ellect  which  seems  umannv  "  when  first  seen. 
The  explanation  is  olnious  if  the  reader  has  foliowefl'the  explanation  of 
the  stationary  efle.-ts,  for  the  <  \.  ,  or  -Irtrrt  j„  sp,  ,  ,l  ,li,p|a,  es  tin 
image  forw,in|s  ,,r  backwar.ls,  thus  ^.^ivin;,-  the  impression  of  a  more  or 
less  rapid  rotation. 

The  full  exi.l.ni.itioii  ,,i  ih,.  ellr.  t>  Mvn  with  the  tjcometriral  patt.  rn- 

renders    it    tniiuri^sary  to 
>pend   finic  on   a  similarly 
minute  analysis  of  what  can 
hi-  seen  with  the  rinirs  of 
t!ian:,'les,    |)lain    or  (iotliii. 
wlii.  h  apjiear  on  l-  ij,'.  849  and 
on  the  outer  etlges  r)f  Fig. 
850.     In    Frof.  Rohert-on- 
card,  l-'ii,'.  ,S5o.  the  -nrc  <  ~-ive 
rin,:;-  of  twelve,  thirteen,  four- 
teen, lifteen.  and  sixteen  tri- 
angles are  very  convenient  in 
"  rnniiin;,'   <lowii  "   tots,  to 
whirh  reference  will  be  made 
presently.    The  appearanies 
\vhi<  h  may  be  seen  on  tla 
inner  rini;  of  twelve  triani.;le> 
at  the  primaiy  (i.e.  sync  hron- 
ous)  and  certain  lower  speeds 
are  shown  in  Imij.  S51  on  an 
onbrRcd  ihe  qua  Irant  m.irk^  d  "  primarv  ^p..,.!  "  wonld  c crn.M.onM 

with  our  3"-lHriod  fork  to  300  k.p.m.  or  .,„„,.  ,i„,,,,,,  ,„u|tipi^  1,,^,^,,,,, 
At  lower  >peeds,  as  marked,  whil.t  ti,..  .jMvds  are  steadv.  the  triangles 
would  overhn)  as  shewn,  and  thus  speeds  of  230,  i(>6§.  and  125  r.p  m 
and  certain  multiples  of  them  could  be  dett>.  ted. 

For  sp,.ed>  whic  h  do  not  ,^'ive  anv  statio,  ar\  appcnanc  with  the 
patt..rn>  available  additional  devices  are  used.  One  of  the  most  ingenious 
c.t  tlus..  was  specially  desi^med  by  Hrysdaie  to  measure  accuraflv  the 
slip  of  induction  motors,  .ind  was  call,  ,1  by  him  a  slip-nu  ter."  The  dif- 
ference between  synchroiiou>  speed  and  motor  speed  is  taken  char-e  of 
by  the.  N-,ir>  ing  circumferential  vel.Kity  of  long,  gradually  tapering  cone 
but  uniortmiately  our  space  ,h.es  m.t  .allow  to  describe  the  apparatus 
m  detail.    It  IS  based  on  the  strobosc  c ,pic  priiu  ijile. 
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HI      Kl  NNING  TKsrs  :    l.U  llKU  MOIOKS 

EfBclency.— Ill  tc-iim;  tlie  t  ftiriincy  of  any  marhine  whirh  continiioHsly 
transforms  t-nerny  from  ^w  f.-nn  t..  another  th.'  .--.uii.il  (lu.intni.-  to 
measure  are  thf  energy  or  jiowi-r  put  in,  lonvenieutly  t.  rnii.l  tlio  '  mput,'" 
111(1   the   enorny   or   power   taken   out,  als4>  ronvenk-ntly  t.rnutl  tlie 

,,utp\it.  '  uuder  normal  .t  vari.d  ((militiiMi-  of  workins.  The  ratio 
.1  tlie  tsvo  that  in,  tiif  i.itm  .'I  tiif  ouiinit  lo  input  is  the  actual  or, 
as  it  is  sometimes  called,  tiie  ammercuil  (/fuhihv  ..i  the  ni.i«lnne  .m 
,  lu  icv  transformer,  l-lacli  kind  of  emTgy  uiu>t  be  nieasurwl  i>y  appio- 
l  ii.it,  niethod^.  and  mtist,  of  course,  be  reduced  to  the  same  units  In-tore 
i|ic  i.ilio  i--  lakiii. 

Electrical  Measurements.— In  tlu-  caM'  before  the  niaeinne  trans- 
fornis  electric  power  into  mechan  -ai  [Kiwer,  and  simultantHius  measurements 
^linnld  be  taken  d  e,ii  ii  at  (hfferent 
Iduds  and  also  at  .liUereiil  -peed-  if 
the  motor  is  re(|uire(l  tomiiat  diift  r- 
(  nt  >peeds.  Tile  nietli(>d>  of  mcasnr- 
wiK  electric  j)o\ve',  whether  ir  the 
liirni  of  continuous  (ir  -iu,L;ie  or  poK  - 
phase  alternate  currents,  are  dealt 
with  in  other  parts  of  this  work  (.stv 
paue-         and  jo'i  "f  Vol.  I.  and 

.  Isev.liere),  and  ue  m  td  only  caution 

the  reader  that  in  motor  testim;  the  ^..^  ssj.-Prooy.  Bnikr  Vyr^m»«« 

iectric  power  should  bo  measured  at  "  ,  i 

tiie  terminals  of  the  machine,  and  that,  if  the  machine  is  s.  p.nately  excited, 
the  power  u.e.l  lu  th.'  eKcitm^  eiirmt  mu<t  l.'  added  to  the  '  '"P'^'t- 

Mechanical  Measurements,    riu-  mechanuai  power  pr.,dua-d  (the 

"output  '•)  is  most  convenientlv  measured,  if  not  too  hui^e,  bv  -o-ne  torm  of 
,  Jviuim.muin-  that  is.  bv  an  instmment  which  wa^te.uUy  converts 
the  ener;;v  into  heat  bv  some  form  of  friction,  but  which  is  so  ilesigned 
that  in  tiie  process  the  power  -h  alt  with  can  be  measured.  Wlien  the 
power  absorbed  is  very  large,  otlier  methods  are  frequently  i.s.  d. 

{hsorhtio,,  Dyiu,mo,m-h'r.-l\n-  simplest  forms  of  absorption  dynamo- 
nu'ter-  are  rop,-  or  olhei  br.ikes,  so  arranged  that  the  trictional  dra.i;  on  the 
brake  and  the  relative  velocity  ot  the  rubbing  surlaces  ■  .m  be  m.  asur.  d. 
Such  an  absorption  dvnamometer,  known  as  "  Prony's  brake,  ol  s,„,,,l,. 
d,.-i.  p  ,,n.l  Nvi.Ulv  u-ed  lor  small  povvis.  is  represented  m  .S52.  In 
this  brake  <  is  awheel  o!  ca-t  imn.  rigidly  attached  to  the  axle  of  the 
machine  to  be  tested,  ami  held  by  two  wooden  clasps  or  bio,  ks  „  „.  Ihe 
lexer  is  tautened  to  the  upper  wooden  piece,  and  >uppoi  ts  a  siale  pan  al  d 
1.  ,r  w  eij^ht b.    The  two  w < « .den  pieces  a  a  are  IjoUed  together  at   s.  and  tlieir 
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pi-  «~iire  on  the  \\Jn«  l  ran  1m  a.ljnsitd  by  thr  butterfly  mit  \- 
take  mea^uremcntK  with  I'ronys  brake,  the  wheel  i  i-  :  ,. 
shaft,  the  work  .l..ne  bv  which  i-.  to  be  (leterniiii.Hl.  ..u    ilu   imi.  ui 
■Mlpi-t.il  -.n  til, I!  III.  bl.Kk-   piess  the  w.'ieel  more  or  le--^  In..::, 

Hi.'  iii.i.hiiw  1,  Hull  iiia.ie  to  rotate  in  a  roiiiiter-cIockvM>e  .tii.,t,,„ 
witli  a  steady  vchicity.  ami  if  no  weights  were  pla.-.-,|  .it  ,/,  Ihf  brakr  w.  nli 
be  turnetl  iliiikI  witli  the  j^haf t ;  but  w.  n'lit-  ,ii,.  |,|a.  ,<l  at  /  ...  .t^  i..  kt  •  p 
the  beanW<  ]i..i  i/,.iit.il,  whilst  the  -luHt  ..vmIvs  at  the  iviuMvl  >pe,,L 
Th.  iri,  ii,,ii,  \\lii,  !i  al-urlK  the  nu-cliaim  al  uork  transmitted  to  the  sh.iti 
jTochK  .  s  a  torque  win.  h  is,  as  explained  Ix'low.  bal.m.  (  d  b\  the  toi.pi.  ,1,. 
to  the  w.  iKhts  in  the  scale  pan  at  d.    As  the  weifiht  w.  the  len.uth  L  u!  Hi, 

-"id  the  8.P.M.  of  the  >haft  arc  known, 
till  I  lil  t  I  ill  II. 1'.  cm  ea'^ily  be  lakulated. 

li  li.i-  .ill,  .idy  iH'en  explained  {sec  Vol.  I.,  patje  605)  that  the  p-.w.  r,  p. 
developed  by  a  L.tatin^;  I.-mIv  1,  ,xp,,  ,.,bl,  the  pi.„!u,  !  ,>t  Hi.  '.,/.,! 
P,  or  inrning  nwmcnl,  and  tiie  uloaly  ot  rotation,  or.  m  sviuh-N, 

that  the  power 

where  t  is  the  torque  and  »  the  r.p.m.  If  t  be  .  .  imii.,1  in  p..iiiul-|. ,  t 
(.1  til,  pi..lu,  t  ..I  iK)un<U  by  feet),  then  p  is  ia  foot-poun.Js  per  minute, 

and  tin;  JI.l'.  will  bt! 

J  JT  «  T 

H.I'.    -    ,  ,       -  {A 

,  ,.,MI()  >  ' 

whilst  tlif  p<jwcr  fxprt^.M  ,!  111  w,ut>  will  be  (mv  aUo  \",.l.  I.,  page 

3.5,000  -  44- ..5  ' 
The  "output  "  p  beini;  thus  obtained,  its  ratio  to  ilic  "  i„^\:t  mH  ...iv. 
til-'  cttKi.  ii.  v  whiili  .  .III  1.,  ,  .\pressed  as  a  perccnta«.  bv  mult iplyinfT  by 
10...  i  h.'  p,,\vi  r  siqiplud  to  tile  motor,  i.e.  the  "  input,"  is  readilv  .'.htaiiicd 
for  a  contiiuious-currint  motor  l>y  measuring  the  volts  v  and  the  current  c 
at  the  ti'rmiihih.    Wf  tlms  i;i  t 

t  I'titieiuy  (c.C.  motor)   (4) 

V  c 

„.  .          P  (in  watts)  X  ioi»     .  ,r\ 
nr  percentage  efficiency  =»—^  v  ' 

Witli  ;iii,  rn.it,  -,1111,  nt  motors  tli,'  clc  trioal  input  w  must  Iv  iiRasiin'd 
by  on,-  or  oiji,  r  ol  the  methods  (Ustrdx'd  elsewheii'  and  we  jit-ili  ti.cn  have 
as  al/ove 

p 

efn-ienoy  (a.c.  motor)  =  ...      .      .       .  (4^) 

p  ■<  roii  ,  -  . 

or  perci  ut.i^f  villi  ii  n.  \-   '  '/ 

\v 

In  the  Prony  brake  (Vii^.  S.ij)  tin;  ton.ni,'  r  exert. d  by  Hi,  slialt  is 


J)t  XA.VOMEI  I 


ikcr   t  the 


j.  hvcPHl  to  tlu-  I't.ikr  i)li>rk>  Ii\  il" 

;n|  till-  |..ii|iu-.  't'lulini,'  t.i  turn  til,  l>i 

:  .,  ,  II,.:    \^\  til.'  \MM^;liI-  .     i.       '  "iiiil  1"  II 

111  .111(1  "I  till-  I'Avr  arin  l"  •  ul.it.-  tii<-  t-'i-ni' 
'  .  nniltipiifd  bv  th.-  li<.n/«i\tal  di-taiue  I.    t  tli.  k 

liii.  ..t  -'i  .it.  •.-.Ill'  -t  tor  111.'  I.  \.'i  .inii  'i' 

,n[\ir\    1   !.'   pi.    ilU  t  i>l    tlu-  \\l'li;llt  ..I  the  .111         I  I  ' 

,li-t.iiH  r  .,1  it>  reiitri-  of  (iravity  Inmi   ii.-  iliv  - 

(Ml-    n\   the    >im()l«-t    tutm-    'I    1  -.iki'  .iIim 

^Ill.lU  |...\\,TS  i-  til.lt  ^1    AVIl  tu  1    ^,       i  •  whiiln  'ii- 
wii.',-!     1  i  .1  n.jH-  lyiiiu  ...  tlu-  -•-.•"'vc.     ■■■U  si-aU- 
ulu-t'l     vi'!\ :i».t;  counti'l-i  lockw  i-i-.  if  .1  'V.  uiil 
MiHit  1.  lit  tu  k.'fp  the  rojH-  -trrt.  lu-d,  U'  ;  l.u.-i 
ih,    1,11  li  umI  (..m.  atul  a  lu  .1-.  i' ■    ■  .'ii-lit        u  li 
ii;;iil  ■         I'.iii.  " 
wi-i.!.''''.-  th.it  till-         I'  ll,  "i^ 
ar\.  whilst    tlu-  ifVt'U 
In,  ti  -u.il  tiir<]iu'  t.  iidins:  to  ; 

....  ;lll   th.'  Whr.-l   I      I  ' 


Ill    till'  111'' 

•  n  th»-  i '  "  kw  1 
ii;ht  ..|  I 

I"   hi  \\ 


.1,1,1, 

thi-  h' 


111-  at 


tti. 
thi^ 


■11.  ti'i 

„.V'.l 

liu- 


iht 

•  ll)  ,1  i 
■r.ti-lii-.iii 
uiuh'i 
1  th.'  ' 


tlu'  ilitti-ri-iii:.-  <>i  slu 
.uldilii'iuil  dt-vicf,  hi'v 

]„  ;!-,iti'  ti'T  '  i'.li  -f^  1- 

.iiul  it.jK-.  ami  I'T  th- 
ttiuml  that  a  ktiot  ti- 
fxcri'sct-iu'-  at  P.  nm! 
i,,i)e  <iv.-r  thf  kni>t 
1    toa-t'-    till-  Ijii'i'iii 
:ati<>riar\-,  with  <mly  .i 
Tilt"  1i;ilancin«  tnniii 


1  1)\ 
'fi^rht- 

VtT.  I-  l"> 

irp'i^i'  i'' 
,i\  rhf  >i! 
>uttn  f. 
)miii«  t 

ff-l~l,ll!l  I 

i^jhi  .'-•(■ill.iU"U. 
■  Ill  thf  I 

r  = 


ist  -tu->, 

St  itll'll- 

it.  riu- 

pe  rntiii,! 
•hi. 

Soil 


I  1 


Ah.- 

\-  i-.l- 
..li'l 
l\\  -  till' 

i;tiH)Vi.- 
thf  ropv 


-1, 
IT 


flt.ike 


practically 


1  If  1  ,  -  tlic  i.i'hu 
:ns  III  the  rt'\ 


'h, 


•  I, 


tti 

,  iH-fo 


\niittit'! 
^oaiiU'-^'  \i 
■I  Fi  ^ 
lie 

bar  •  nil 

■v.   r.  - 


Hi" 


brake  is 
M)  (R  -  r) 

tlu-  l><)tt"iii  of  the  i;r<x>V(>  and  r  the 

^  r)  \>  tilt'  tot.it  i.i.iiu-  ni.-.i-iiii'il 
'I     -1  lilt-  nipt-  «m  tlu-  wlii.l.    Tlu-  |"'\\,r  i> 
b,       .!:        in;  the  tftnitie  by  the  sjiei-il. 

.,,  ilviiamoiui'tcr  tor  -nul-   powor-,  is  flu- 

1  Is  -howii  111  u-c.  te~tiu,u  an  il,-,  trie  iiii)t,>r. 
J,,,-  brake  will  l>c  bctt.  r  imdeist, .-.d  liy  refer- 

,.„,,  oh  in         .'-135.  in  whicli  .v  B  is  a  tlat  steel 

tin,  ir  h't't  I  'll,.;,  and  carryiiif.;  three  knife-ed.i-es 

the  ■         lid  kiiite-ed^e-  .\  aiul  b  lin,',iii.i!  \\,  :L,lit-  t. 
ul.  \vh    I  the  central  kiiite-ed.u<-  C  is  supp'.rteU  Ir.Jiu 
iiml  b5S  ..rc  It  .i.i  I'rof.  I'crry  s  "  Applied  Mcd.aiii-  V 


EtiCTK/crry  ty  thb  Servke  of  Max 


T\k  854.— So.iiiics'  Al  socplion  l)yii.,ii..  meter 

ticular  i>uir  <il  wi  iylits  w  and  it',  and 
the  position  of  c  is  to  he  adjusted 
until  tile  lu;im  niiKiiiis  linii/diital 
Id'.it;  t  iiouf,'li  mr  s]H((i  and  eU'ctrical 
readings  to  W  taktii.  The  two 
obsen'ers  in  diarfii-  of  tlu'sc  r.  adiiiL^s 
appear  in  Fi^.  854,  wliilst  tJie  tliin 
ol)>ri\-tr  witli  Ills  hand  011  the 
adju>tiiig  wheel  keeps  the  beam 
horizontal.  The  meth(x]  of  calcu- 
latiii!,'  tlic  media  ical  powii  inini 
tlie  iilxcrvatidus  will  be  niulerstooil 
from  the  fi >ref,'oing  explanations. 

For  larger  jMiwers  the  brake 
shown  (haf;rainniati(all\-  in  i-i^.  S5() 
maybe  u^id.  This  l)rake  is  fomud 
of  blocks  of  wood,  fastened  to  the 
inside  of  a  flexible  h(H)p-iron  strap, 
the  two  ends  of  whieli  are  attaclied 
at  tlie  points  i)  ami  K  to  the  lever 
D  H,  which  moves  between  two  stops 


the  tri])iid  (seen  in  V\\i.  In 
means  of  a  screwed  rod,  by  a 
hand-wheel  on  whicli  the  suj)- 
J'ort  of  c  can  be  iai>eil  and 
lowered.    A  number  of  holes 
pierce  the  beam  at  pairs  of 
points  e(]iiidi^taiit  fmiii  c  on 
either  side,  and  Imm  a  con- 
venient jiair  of  these  coi(l>  .v 
and  _v  support  a  jiiece  of  web- 
Ijing,  wliicli  passes  imtlemeath 
the  jmlley  I'  of  the  iimtoi  to  be 
tested.    Tile  total  tension  of 
ilie   (dkIs  at  and  y  can  be 
adjusted  by  raisinjj;  and  lower- 
ing c  by  means  of  the  hand- 
wheel,  and  the  difference  in 
the  tensions  by  alterini:,'  the 
weights  wand  w.    A  puinter  /> 
]iroje(ting  upwards  froin  the 
beam  iiuiicates  wlien  the  latter 
is   horizontal.    With  a  par- 
tbe  motor  running  at  a  steady  speed 


fig.  Jjs.-Princiole  of  Suamt*'  Djnamonwur, 
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n  t!).-  upnf;ht  r">t.    A  small  w.  iulit  v.  n,  ,,  s'lin^'  b.il.in,-.'.  i<  attadiod 
;  I  tlic  end  H.  ami  it  is  obvious  that  a  siuali  dilkitiuf  in  tlu 
]).i-itic>n  of  ttif  U'vor  will  pm- 


!iur  a  urf.  •  iii<  ii'a-<'  in  tlio 
iiL:htni"ss  il  tlu'  -tiai).  A 
lii'avy  weiulit  W  is  huuf,'  at  (,, 
,11(1  w'un  balance  is  attained 
itli  tlir  li  vrr  i>  H  clear  of  the 
■  t..]!-,  the  t'lMiue  1-  (\V  K  —  t.  '■), 
wheiL  R  and  r  are  the  levir 
arms  as  indicated  in  Fig.  856. 
n..m  whieli  the  power  can  be 
ibtained  as  beiure. 

In  all  the-e  brake  vsyvn- 
nunt.  the  brakes  should  be  kept  lubricated  with  >oapy  water,  lor  clean 
^^ater  K'ves  rise  to  spasnicKlic  changes  in  the  friction.  The  water  als.. 
serves  to  carry  off  st)me  of  the  heat  generated. 

IV.     KI  NNING  TESTS  :  DYNAMOS 

Efficiency.-The  direct  testing  of  the  elhciency  of  dynamos  i a 
more  ditticult  matter  than  the  corresponding  testing  of  motors.  The 
..bjict  of  the  te>t^  1-  to  ascertain  the  ratio  ,,f  the  electrical  "  output 
to  the  mechanical  ■  input."  The  tonne,  can  be  mea>ured  for  all  kinds 
of  L-enerators,  and  especially  for  c,Mitinuou>-current  machine-^,  with  e.iM- 
md  certainty.   The  methods  of  doing  s.j  are  described  elsewhere  m  this 

^' 'ovnamometePS.— The  direct  nieasurement  of  the  meehanicalinput ,  how- 
'  t  ver,  is  not  an  l  a-y 

matter,  even  with 
small  machines  of 
20  to  30  kilowatts ; 
wliil>t  with  \eiy 
large  machines  it  lia> 

FIj..  857  -llelt  Tran^miKion  of  Power.  not  VCt  been  SUCCeSS- 

iullv  accomplished.    It  invoKv,  the  n.e  of  a  ,r.n,.mission  Jy>unn  ,n:Uy 
,h  „       ot  an  in^tininent  which  will  transmit  the  power  from  Hk'  pnnie 
mover  to  the  uenerator  and  measure  it  during  transmission.    Thus,  it 
power  is  being  tranMiutted  (n.,u  the  pullev  .^  (Im.  S57)  1"'  '^'V  » 

nu  ans  of  a  belt  travelling  in  the  direction  shown  by  the  arrow.,  both  fre 
nuts  N  and  Y  of  the  lielt  are  in  tension,  but  the  tension   1,  ui  \ 
Kuater  than  the  tension  T,  in  Y.    If  f  be  the  linear  vekKity  with  which 

the  belt  is  travelling.  .  ... 

The  power  transmitted  -  (T»  -  T,)  x  v.  proper  units  bemg  chosen. 
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On  tlif  a~~iiiTipti()n  that  tlicn-  is  iio  >lij)  in  the  belt  it  is  easy  to  asciT- 
taiii  tlie  vaUie  of  v  from  the  diameter  ami  speed  of  rotation  of  citiu  r  i>ull.  \ . 
The  tlifliculty  arises  when  we  attempt  to  measure  the  (ni,iutit\  (i,  — 
in  a  l)elt  tr.i\-.  lliu<  .it  a  ^jiccd  nl  j  ihid  to  -..doo  feet  per  iiiiuutf. 

A  belt  dynamonu'ter  designed  In'  Hefner  von  Aiteneck  ha^  ])een  nnuii 
u>ed.  It  is  constnicted  by  mountintr  two  or  more  idle  pullevs  in  a  frame, 
the  two  pu!lc\-^  l>eiu-  clo'-er  to^'etlur  than  the  ii.itnr.il  jin-ition  nf  tlie  two 
-iilr^  of  the  inlt  in  tiavellini;  fimn  tlie  driving;  to  the  ihiven  wheel  aiul 
1m(  k.  TJie  belt  pa>sinj;  nwr  tlie  inner  pci  iplieries  of  tiie  inilleys  is  dis- 
placed, and  tends  to  draw  the  frame  in  the  direction  of  the  side  on  which 
the  tension  is  the  greater.    This  ten<It>iir\-  is  comiteracted  by  a  -jtriiii.; 

hahince  or  otlin  nn  .  li.uu.  a!  nu-.i>ni iiiL;  arrange- 
ment, and  from  the  fi)rce  recpiired  to  balance, 
together  with  the  geometrical  plan  of  the  appar- 
atn-,  thevahic  of  r,  -  i.,  i  an  be  <lt  ilticed.  dreat 
difticiilty,  however,  is  e.\|)erieiued  in  working  the 
apj)aratus,  owing  to  frecjuent  and  violent  oscilla- 
tions. 

Other  transmission  dynamometers  depend  ujion 
tl'.r  fact  that  a  shaft  in  transmitting  power  ex- 
periences a  fuming  moment  or  torque.  If,  then, 
the  shaft  l>e  cut  and  the  two  parts  mechanically 
jiiiiifd  by  sonic  ,i]>p.iratiis  whicli  will  measure  the 
tonpie  transmitted  across  the  gap,  the  power 
transmitted  can  be  readily  calculated.  The  diffi- 
culty is  to  design  a  satisfactory  measuring; 
arrangement  which  shall  allow  the  torque  to  be 
ob-erviil  a^  the  >h.ift  lotate-.  Such  a  form  of 
dyiuimovtcti-r  coupling,  doigiutl  by  Professors  .\yrton  and  Perry,  i>  sliown 
in  Fig.  858.  Instead  of  the  two  coupling  discs  n  and  c,  keyed  res^x  i  1  ively 
to  the  shafts  Sj  and  s,,  being  connected  a-  n-ual  In-  bolts,  tlu  v  .iic  con- 
nected by  spiral  springs  s.  Wiien  power  i>  being  transmitted  from  i)  to  c. 
these  >prings  are  stretd.ed,  aiul  the  disc  c  is  displaced  in  an  angular 
direction  with  resiM-ct  to  d,  Now  c  carries  the  first  of  a  set  of  light 
levers  or  links  ir.  which  are  attached  to  the  disc  .\  by  a  pin  near  its 
periphery.  The  di^  a  i^  ngullv  attaclic.l  to  n.  If  t!ie  driving  >haft  is 
turning  counter-clockw  i^",  it  will  be  found  that  the  jioint  b  at  the  end 
of  the  levers  will  Ix'  moved  inwards.  To  obser\-e  the  amount  of  motion 
B  carries  a  bright  be.icl.  .lud  if  a  sc.ile  b.-  held  level  witli  th>  -halt  and  hori- 
zontally in  front  ol  A.  llie  p,Hnt>  at  wiiidi  n  pa>ses  behmd  the  scale  can  be 
rrad  off  and  the  deilectioii  of  n  determined.  The  surface  of  .\  is  dead- 
blackeil  to  facilitate  the  reading.  The  value  of  the  deflections  can  be 
ascertained  by  a  static  calibratiu!;;  experiment,  but  one  of  the  difficulties  in 


Fiff.  £58.— A>Tton  .in. I  Pfrrv'a 

'ri.iiiMni>«ii)n  1 ))  n.iiii  ji.r'Ilt. 


CkaDLB  DyXAUOMETEKS  SjJ 

;,ractice  is  the  acti-n  •>£  tlu-  c.atntUL;,il  fn„ nn  tlu-  ^iTiu^^  an.l  -n  the 
l.^ht  levers.  This  coupUng  lias  Im-u  use.l  lor  l,dt  tiausnu-.ou  l.v  nu-,u). 
.1  pnllevs  on  an  intermediate  countershaft. 

The  iac  t  that  when  a  haft  i-;  tranMiiittinu  power  the  shaft  itst'lf  is  twi-tr.l 
has  been  utihsr,!  to  nu  aMir.-  tlie  amount  of  power  whirh  is  Wnvi  transmitted. 


The  law  connect!  .ft  the  angle  of  twist  or  torsion  wth  the  torque  to  which  the 
shaft  is  subjected  is  similar  to  that  which  obtains  in  the  .  o„tr..ll.n,u  su^p.-n- 
sions  nsed  in  many  delicate  electrical  measurn.g  in>trnnu  nt.  ,h  ~.  r.U-,l 
d.ewherc  in  this  book.  In  other  words,  the  torque  is  propurt.onul  o  the 
anule  through  whi.  h  the  shaft  -r,  more  eonvenientlv,  a  given  length,  say 
unit  length,  of  the  shaft-is  twisted.  The  difficulty,  of  course. to  ol)serve 
this  angle  when  the  shaft  is  running  at  a  high,  or  even  at  aay.  speed,  and 
106 
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much  inRcnuity  lias  been  devoted  to  the  solution  of  this  difficulty.  Hitht  rto 

the  mt'tlicl  h.-is  Ihcii  (liit-Hy  sncco-lul  in  tlie  nii'asurcnu'nt  cif  tlic  jiowir 
transmittal  Imm  tin-  tn^iius  of  a  stt'ani>]ii])  to  the  projH-ilLr,  hut  it  is 
quit'  ra]i,ilili-  (i|  (It  v.  lopnu  nt,  and  has  been  developeil,  in  other  directions. 

Cradle  DyiuimoiiuUrs. — For  many  years  it  has  Ijeen  recofinisid  that  tlie 
force  which  exists  between  the  armature  and  the  field  magnets  of  ,.  ilynanio 
or  iiiiitdr  due  to  tlic  dcctro-ma^nt'tic  actions  nii«lit  he  utiHscu  lor  the 
l)Ui{)osf  of  measuring  the  torque  acting  on  tlie  rotating  shaft  and  rotor 
In  fact,  in  the  clearance  space  between  the  two  there  exists  a  subtle  fric- 
tional  action  as  j)otcnt,  as  we  have  seen  cl-twlicrf,  lor  absorhini;  power 
as  the  friction  surfaces  of  a  I'mny  hrake,  hut,  unlike  the  latter,  not  nci  •  — 
^aiily  .1.  vtru(  tive  for  useful  purposes  oi  the  power  handled.  The  problem 
of  measuring  this  torque  is  not  a  difficult  one,  but,  as  we  shall  see  presently, 
the  details  have  to  be  carefully  thoufilit  out. 

W  ithout  ,i;oiiii,'  into  tlie  ' -vtory  of  tlie  (level(.,>nient  of  ih\>  form  of 
!\ iianionii  ter.  it  will  sullice  to  describe  here  one  particular  example,  and 
f  ir  tlii-;  iiurjxise  we  select  the  testing  set  designed  by  Dr.  C.  V.  Drysdale 
(or  the  labor  itorit  -  of  the  Northampton  Polytechnic  Institute,  London. 
A  view  of  tin  .iiijiarafus  as  set  up  in  the  laboratory  is  given  in  l-'i,i;.  ^50.* 
and  some  of  tlie  details  in  the  subsequent  figures.  Tlie  main  parts  of  the 
apparatus  are  the  dynamometer  machine,  seen  in  the  background,  \\  itli  its 
switchboard  and  electrical  controllih,;;  gear ;  the  adjustable  testing;  tahie, 
seen  in  the  foreground,  on  which  the  machine  to  he  tested  is  inoimted  ;  and 
the  >.witrliho.ird,  on  which  are  assembled  the  various  instruments  and 
switches  for  measurin«  and  controlling  the  electric  power  of  this  machine. 

A  diagrammatic  side  view  of  the  merlianical  arrangements  is  u'iveii  in 
iMg.  Sho,  and  an  end  \iew,  with  the  macliine  M  removed,  in  Fig.  i>(>i.  The 
dyn,inio,netir  ni.K  liiiie  1.  wlii.  h  is  a  four-poK'  l  ight-kilowatt  VVestinghouse 
continuous-current  machine,  has  its  stator  or  field  magnet  supported  from 
the  overhead  screw  p  by  th.  beams  and  linkages  shown.  All  tlie  niov  iblc 
joints  of  tlie  jioints  of  supjiort  consist  of  knife  edges  designed  to  redu— 
the  friction  to  a  minimum.  In  line  with  the  horizontal  diameter  of  the 
machine  are  the  projecting  arms  k  k  (Fig.  861),  at  the  ends  of  which  are 
rods  A  A.  also  supported  on  knife  edges,  on  which  balancing  weights  <  an 
be  loaded.  Whether,  therefore,  the  mat  liine  he  running  or  standing,  its 
stator  can  be  balant  ed  m>  that  it  hangs  (piite  clear  of  the  stops  p  p.  When 
the  machine  is  standing  it  is  in  balance  with  equal  weights  on  the  two 
rods  A  \  :  but  when  it  is  running  with  its  field  magnets  excited  and  currents 
in  the  .irni.iture  <  on, in.  tors,  the  rotating  armature  will  tend  to  drag  the 
stator  round  and  the  torcpie  between  them  must  be  balanced  by  adding 
weights  to  the  proper  rod  a.    The  machine  is  designetl  to  run  at  any  speed 

•  Tliis  and  tin  f  illnvinj;  lluures  are  taken  from  ui  article  by  Dr.  Drysdale  in  Eiteinttrine^ 
Vol.  LXXX  ,  p-ngf  079  (1505).  o 
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from  750  to  160  R.P.M.,  and  when  driven  at  any  of  these  speeds  as  a  gene- 
rator will  give  100  volt?,  which  is  the  voltaRe  of  the  Institute's  supply  circuits. 

The  shaft  of  G  is  supported  by  hall  l>t'arini,'s  n  n  on  a  liui'l  lia~i'.  ."id  is 
coupled  to  a  telescope  shatt  T  s  supported  by  a  third  bearing,'  ;■.  Tlio  inner 
rod  of  this  shaft  can  be  moved  backwards  or  forwan's  about  a  foot  iu  the 
(lirt'i  tioii  of  M.  and  rarrii--  on  its  t  iid  a  self-rcntering  jaw  cliui  kc  which  can 
^rip  tiic  cikI  of  the  a\lc  of  the  iii.ieliine  m  which  is  to  be  testeil.  This 
maeliine,  as  alread\- explained,  i~  niminted  on  a  table  T  earryinu  r.iils  k,  tbe 
vertical  level  of  which  can  be  aclju>ted  by  the  screw  s  and  tiie  bevel  ^carin;; 
shown  in  Fig.  861. 

Tlie  machine  M  may  be  either  a  motor  or  a  d\  imui"     li  it  1^  a  motor 

it  rei'eive-  tiie  i  lertrie  r:;\-. 


continuons  or  ,dtrni,ite  <  ur- 
rent,  for  which  it  is  de-ii,'ned, 
from  the  circuits  comin;;  to 
the  front  >wit.  libo.inl  in  l-"i;;, 
859,  and  drives  the  machine 
c  as  a  generator.  The  input 
of  M  !■<  mea-uii'd  at  it>  ter- 
minal-, and  it3  output  1^ 
measured  by  its  sjm'd,  and  by 
tiie  tMripie  it  delivers  to  the 
-haft  I  s.  which  is  measured 
bv  the  weii;lit>  011  .\  \,  and 
the  constants  of  the  apparatus. 
In  this  way  any  type  of  motor 
for  which  tiie  rr.iin-ite  electric 
euer^iv  is  available  can  be 
rapidly  put  in  p)sition,  coupled 
up.  and  te-ted. 
app.iratus  is  that  the  energy 
!ei  trie 


for  the  C  raJIe  I )yn;trii  imeter. 


The  must  intere-tiug  point  about  the 
delivered  to  G  is  not  wasted  :  g,  acting  as  a  generator,  delivers  its  el 
j)o\ver  to  the  -npplv  niain<  of  the  building,  and  the  power  so  thlivered  is 
used  I'"-  any  jiurjioM'.  eitlHr  liditini;  or  otherwise,  for  which  tti-T--  is  a 
demand  it  the  moment.  In  fact,  r,  i>  paralleled  with  the  oilur  .;  e^  ..f 
supplv.  Ihe  electrj<  al  connections  for  this  and  the  reverse  method  of  work- 
ing at.  shfiwn  in  Fig.  J^fii.  The  dynamometer  machine  is  shunt  wound,  and 
in  the  ex(  itingcir.  mt  '  h.fe  are  two  rli^  -tats,  one  for  a  ■  narse  and  the  other 
for  a  hne  adju.-tment  over  a  wiile  ran^.'  :  th<-re  i-  also  a  rev.  r^nii:  swit.  ii 
in  the  exciting  circuit,  so  that  the  miichin.'  can  be  run  in  ctlier  dno  tion 
Th.  building  mains  are  broni;Iit  in  tliroi:.;!  single-pole  swittbes,  by  which 
they  <  an  be  disconnected  entirely,  so  that  g  may  be  run  up  citlier  on  its  own 
resistaw*'  or  an  artiticiiri  load.    The  other  cwntwctwns  are  self-explanatory. 
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The  machine  c,  ran  also  be  driven  as  a  motor  from  the  supply  mains, 
and  can  then  .Irive  the  machine  M  as  a  generator,  the  power  passing  be- 
tween  the  two  machines  being  nuasnrt  d  as  before.  In  this  case,  howevi-r 
the  output  of  M  will,  as  a  rule,  have  to  be  ab>orbed  by  a  resistance  load 
and  wasted.  Its  amount  will  be  measured  with  the  proper  instruments 
on  the  front  switchboard  of  Fig.  S.so- 

It  should  be  noted  th.it  d\  namometer  described  is  essentially  a 
transmission  dynamometer,  though  the  power  passing  either  way  may 
be  w.-.sted  instead  of  being  utilised. 

Testing  of  Continuous-current  Dynamos— The  completion  of  the 

"efticiencv"  test,  trhich  is  the  test  of  greatest  inteiest  to  the  user,  is  a 
simple  matter  in  the  case  of  continuous-current  dynamos  if  the  difficulties 
of  measuring  the  mechanical  "  input  "  by  some  form  of  transmission  dyna- 
inometer  ha\  e  been  successfullv  overcme.  The  speed  being  kept  con>tant 
all  that  is  necessary  to  complete  the  test  is  to  measure  the  electrical 
"output."  which  can  be  readilv  ascertained  by  measuring  the  current 
in  "amperes"  on  an  ammeter  placed  in  the  extern  '  cir.  uit  .i-.  to 
Inl  a^ure  the  fuU  current  on  that  circuit  and  the  presM  olts  "  on 

a  vohmeter  placed  acro^^  the  terminals  (,[  the  machine.  n  t  of 

these  two  quantities  will  give  the  jwwer  in  "watts."    \\.  uavc  at 

once  that  the  efficiency 

.»,„.c««,  =  '"-^-^  X  100  .  .  .  .  (0) 
Care  must  be  taken  that  the  units  in  which  the  numerator  and  denominator 
-ire  expressed  are  the  same,  aiul  therefore  before  applying  the  eciuation 
the  input  which  ha^  probably  been  measured  in  mechanical  units,  should 
also  be  exprosed  in  ■  w.itts.  '"  The  relatiMiis  of  the  various  units  have  been 
fully  explained  elsewhere.    (Sec  pages  337  to  381  and  801.  Vol.  1.) 

In  addition  to  the  efficiency,  the  performance  of  the  machine  under 
varvin"  conditions  of  load  is  al>o  of  interest  to  the  user.  This  perform- 
ance is  usually  exliibited  grapliically  in  the  shape  of  "  characteristic  cur^•es." 
which  have  been  fully  dealt  with  in  Vol.  I.  (sec  pages  510  to  .=iii;. 
The  nuthod  of  obtaining  such  curves  is  obvious,  as  they  simply  recpnrc 
ammeter  and  voltmeter  measurements  for  the  different  loads.  It  must 
not  be  overlooked  that  for  anv  curve  the  >pee,l  is  supposed  ;o  be  cn-tant 
throughout.  Should  the  speed  vary,  a  speed  correction  mu^t  be  apphed 
to  the  readings  actually  obtained;  the  method  of  correction  depend^  on 
the  t\pe  of  machine,  but  the  principles  underlying  it  have  been  already 

fully  explained.  .  . 

The  cool  running  of  the  machine  under  load  is  also  of  interest  to  tiie 
umt  for  as  explained  elsewhere,  the  heating  practically  limits  the  output 
It  is  theref.jre  usual  to  run  the  machine  under  full  load  or  overload  for  a 
siHxified  time  (say  four  or  six  hours),  and  to  ascertain  the  excess  tcinpcrature 
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<if  viiriniis  salient  parts  at  the  end  of  the  run.  This  test  is  referred  to 
af,'ain  later  im.    (Scv  i>a;L;es  ,S5  j  to  858.  /V''-) 

Testing  of  Alternators.  — Tlte  application  of  the  user's  tests  to  alter- 
nators of  moderate  size  involves  much  the  same  difficulties  as  are  met  with  in 

testing;  continniiii-i-nirri'tit  i^cncrators.  Tlie  chief  te^ts  arc  those  wliicli  1,'ivc 
tlie  consumer  particulars  of  the  ethciciu  >'  ami  lieatinj;  of  the  machine  under 
different  practical  ■  adit  ions  of  load.  The  first  of  these  involves  the  measure- 
ment of  the  mechanical  "  input  "  and  the  electrical  '*  output."  In  rejjard 
to  the  latter  there  is  no  difliculty.  as  it  requires  only  well-known  methods 
of  nici^iiring  alternate-current  power.  (Stv  pages  700  to  1S07,  \'ol.  I.)  Tiie 
flitiiculties  of  m*aisuring  the  "  input  "  have  been  already  considered.  With 
most  altematots,  however,  the  fact  of  separate  excitation  must  not  be 
overlooked,  the  i)o\vcr  so  rxpcudcd  heiuf,'  of  (ourse  i)art  of  the  "  input," 
though  it  does  not  rcadi  tiu-  nun  liiiie  as  mechanical  power,  llu  heating 
tests  (see  oho  later,  jjages  .S5J  to  iS^S)  should  be  full-load  tests,  anil  here 
again  a  new  consideration  is  introduced  in  the  power  factor  of  the  load, 
because  the  large  idle  currents  neiessar>'  for  low  jiower  factors  necessarily 
affe<  t  the  heating  of  the  generator. 

The  external  characteristics  of  an  alternator,  which  are  also  obviously 
of  interest  to  the  user  as  they  show  the  electrical  behaviour  of  the 
nia(  hiiif  under  dittcrcnt  l<iads.  are  iiut  so  readily  ohtained  as  for 
a  I  .c.  machine  ;  moreover,  the  external  e.vcitation  to  be  supplied — a  matter 
which  does  not  trouble  the  user  in  self-exciting  nuu  liines — has  become 
important,  and  has  to  be  taken  into  account.  With  alternators  this  pre- 
determination of  the  performance  of  the  machine  is  usually  indirect,  and 
is  based  upon  "short-circuit"  and  "  no-load  "  tests,  the  taking  and  inter- 
pretation of  which  have  already  been  described.  (Sci  pages  337  to  342, 
(iiife.) 

Testing*  of  Large  Generators.  For  lar^e  machines. w  in  i  .er  continuous- 
current  dynamos  or  alternators,  direi  t  test^  cea>e  to  be  practicable,  both 
because  of  the  difficulty  of  measuring  large  amounts  of  mechanical  poner 
by  transmission  dynamometers,  and  also  because  of  the  inconvenience  and 
expeust  "f  su|)j)lying  suc  h  l.irge  amounts  of  power  for  mere  testing  purposes 
and  tiir  (lil'ticulty  of  absorbing  the  ele(  trical  "  output  "  on  satisfactory 
loads.  When  the  machines  are  large,  therefore,  indirect  methods  of  testing 
are  applied,  and  prominent  amongst  them  are  the  Hopkinson  method 
and  its  modifications,  which  will  be  dealt  with  in  a  separate  section. 

V. — LOSSKS  IX  DYNAMOS  AND  MOTORS 

It  will  br  convi'iiient  at  tlii>  stage  to  refer  brietlv  to  the  various  sources 
of  loss,  the  existence  of  which  renders  dynamos  and  motors  imperfect  as 
transformers  of  energj'.  Tlic  unavoidable  losses  may  be  sutmrmrtscd  as 
fdiows :-— 
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(i )  The  c«  R  losses  in  the  copper  conducting  circuits  Flu-,  hay.- 
Inru  fullv  reterml  to  at  pages  514  t«  5l6.  V"l.  I-.  ^"^1  ^^u  be 
K-adilv  calculat.  .!  when  the  various  currents  and  resistances 
are  known,  b-it  the  vahu-  of  th.-  re>iMance  when  the  circuits 
are  "  hot  "  should  be  the  value  used, 
(ii.)  The  losses  due  to  etldy  currents.  ,    .  .u 

(iii.)  The  losses  due  to  hysteresis  in  the  ma^>.  s  of  iron  in  which  the 

magnetisation  is  In-ing  rapidly  r.  v.  i  m  (1. 
(.V)  The  losses  due  to  mechanical  friction  at  the  bmshe>  and  the 
hearings,  to  whi.  h  should  be  added  -  windaKe  '  loss«>s  whuh 
more  ncent  work  has  shown  to  be  appr«  i  iable. 
The  following  is  a  simple  nu  t  hod.  published  simultaneimsly  by  Kapp^ 

•md  hv  Housnian  in  l8yi,  for 

-eparatniij  the  losses  in  a  con- 
tinuous-current armature  due  to 

(ii.)  from  those  due  to  (iii.)  and 

(IV).   The  method  depends  upon 

tlie  fact  that  the  eddy  current 

losses  are   proportional  to  the 

gqnne  of  the  speed,  whilst  the 

hvsteresis  and  mechanical  friction  'Sj, 

jd-rs  are  assumed  to  bo  propor- 
tional to  the  speed  simply.*    l->  t 

the  fields  be  separately  excited. 

and  the  armature  run  quite  light  |  (. 

as  a  motor  at  varior  speeds.  The 

currents  supplied         the  corre- 

sponding  speeds  of    otation  are 

to  be  measured  and  also  tlie  back 

E.M.F.s,  which  can   be  obtained 


Fig.  M3.— Separation  of  Dynamo  I.o'?es. 

b;^;;bs^r^•i.lk"the  t^nnmal  P....  and  deduc  ting  the  lost  volts.  Since  the 
held  is  constant  tins  back  E.m.F.  (e)  is  pruport.ona  to  the  spe.A  and 
mav  be  denoted  bv  k  n.  where  k  is  a  constant  and  »  the  si>eed,  Ihe 
r..nlts  are  to  be"  plotted  in  a  curve  (Fig.  86j).  with  values  o  speed 
h,rir.ontal  and  armature  currents  (c)  vertkal.  The  result  will  be  a 
straight  Hne  A  B,  which,  if  produced  backward.  w,ll  cut  the  vertica  ax.s 
in  i>.  Now  if  w  be  the  watts  wasted  in  overcommg  the  sources  oi  ..^s 
(ii.)  (lii.)  and  (iv.),  we  have 

\V  =  >Mi    -   'i-  1  ^  ' 

where  H  and  F  are  coefhcients  to  i;e  (ivicrmiaed. 
or  air  friction. 
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But  W«ECs>t»C 

and  therefore  AnCsnh  +N*r 

whence  *  c  =  H  +nv 

1  "  F 

a"^'  ^=  /fc   (-) 

wliich  shows  tliat  the  connection  between  c  and  n  should  be  a  straight 
line  such  as  is  giv«u  in  Fig.  863.   From  this  diagram  we  have 

 (3) 

F 

y  =  tan  B  D  L  (4) 

whence  r  and  p  can  be  found,  for  *  is  already  known.  It  is  further  ob\-ions 
that  the  areas  B  n  L  and  L  i)  o  M  ^representing  "torque"  multiplied  by 
"speed")  are  proportional  respectively  to  the  power  consumed  in  the 
eddy  current  losses  and  the  hysteresis  and  mechanical  friction  losses  of 
equation  (i). 

If  two  machines  are  arranged  as  in  Fig.  864  lor  the  Hopkinson  test 
it  is  possible  to  separate  the  nieeliaiiical  frKti(jn  losses  from  the  hysteresis 
losses  as  follow  s  : — Let  one  of  the  machines  as  a  motor,  with  its  fields  separ- 
ately excited,  drive  the  other ;  now  measure  electrically  the  power  required 
(i.)  to  run  the  motor  armature  at  full  speed,  with  the  second  machine  dis- 
connected, (ii.)  to  run  the  two  armatures  coupled  together,  but  with  the 
fieid-magnets  of  the  second  machine  imexcited  and  its  brushes  up,  and  (iii.) 
to  run  both  armatures  wth  the  brushes  of  the  second  machine  rubbing 
on  the  commutator,  but  with  its  fields  still  unexcited.  The  difference 
bi'tween  (i.)  and  (ii.)  will  give  the  power  lost  in  bearing  friction  and 
windage  in  the  second  machine,  and  the  difference  between  (ii.)  and 
(iii.)  the 'power  lost  in  brush  friction.  From  the  data  so  obtained  the 
space  DLMO  (Fig.  S63)  can  be  further  divided  into  the  rectangle 
o  c  E  M  giving  the  bearing  friction,  tiie  rectangle  c  f  g  e  giving  the 
bru-h  friction,  and,  \yf  difference.  *he  rectuigle  fdlg  showing  the 
loss  by  hysteresis. 

\\'here  two  similar  machines  arc  not  available  foraHoj  inon  u  st 
the  above  experiment  can  still  be  m  ule,  j  .ovided  a  motor  usually  referred 
to  as  an  auxiliary  motor  be  available  of  the  proper  capacity  and  speed 
to  take  the  place  of  the  first  machine. 

VI. — THE  HOPKIXSON  TEST  FOR  DYN.'VIfOS  AND  Ml>I()RS 

The  difficulty  of  making  a  satisfactory  transmission  dynamometer  to 
measure  large  amounts  of  power  led  Dr.  John  Hopkinson  in  18S6  to  devise 
an  electrical  method  f)f  testing,  the  principles  of  wliich  are  shown  diagram- 
maticaily  in  Fig.  564.  Two  exactly  similar  continuous-current  macliines 
M,  and  Mj  are  set  up  with  their  shafts  in  line  and  coupled  together  at  p. 


Th»  HorKiKson  Test 


•41 


riK'  coupling  p  is  in  the  form  of  a  pulley,  which  can  be  driven  fwmi  a  >mall 
Miatn-  »r  pas-t'iH;inf,  a  tr.insinis-ion  dviiainc-nu'tt  r  «.f  the  Siemens  or  other 
pattern  being  placttl  on  tht"  iult.  An  ad.!iti..nal  rt-i>tance  is  htserted  in 
the  shunt  fieW-magnet  circuit  of  m,  so  that  %vl.r »  the  normal  si..v,l  ha. 
been  attained  the  excitation  of  M,  is  less  than  the  excitation  of  M,.  lUe 
4-  terminals  a,  a,  are  then  connected  togeUier.  ani  also  the  —  termmals 
Bt  and  Bg.    Ob  acunmt  of  the  lower  excitaticm  the  p.d.  of  a,  Bj  is  greater 


Fig.  86«.— Diagnm  of  SlacliinM  CcwpW  ftw  th»  HopViMon  Tot. 


than  the  p.d.  of  Aj  b,.  and  consequently  a  current  flows  round  the  close<l 
circuit  in  the  direction  shown  by  the  arrows.  In  this  circuit  the  machme 
M  acts  as  a  generator,  absorbing  mechanical  iH)wer  from  the  shaft  s,  s,. 
and  delivering  electrical  power  to  the  circuit  a,  A;,  I'l-  ^vlulst  the  maclnne 
M,  acf^  as  a  motor,  absorbing  electrical  power  from  the  same  circuit  and 
deln  rin:^  mechanical  power  to  the  shaft  s,  s,.  By  adjusting  the  excitation 
,  t  M„  the  current  C,  as  measured  bv  the  anuin  ter  o.  can  be  made  the  lull- 
luad"current  of  either  machine,  or  any  fraction  of  the  tul'  load  current. 

Now  in  the  double  transformation  of  the  generator  and  tlie  motor  there 
is  u.io.-auis  >ume  power  lo-t  in  fricti-,-na!  5r  at  ,  mechanical,  electrical  and 
magnetic,  owing  to  the  machines  not  bemg  perfect  as  transformers  of  energy. 
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The  power  so  lost  is  Mipplied  mt-chanically  to  the  pulley  p  by  the  belt  from 
llif  >ti'ain- or  L;a--i  n;;mf,  aiul  tiif  powt  r  tliu^  ^upplml  i--  iiii'asurt-d  liy  tin 
transiiiis^iuit  «iynaiiioinoter  through  which  thi  belt  runs.  The  output  oi 
the  p^enerator  M)  is  measured  electrically,  and  is  the  same  as  the  in|>ut  of 
the  motor  m,,  fur  tlif  lo>-,  in  th,'  coiiiifftiny  If;  Is  nfi;lif,'iMi-. 

II  \vf  now  a>sunie  that  thf  ttticiency  «>|  the  tw.  machnu-s  !.•<  the 
samt'  wht  th.  1  working  as  generators  or  motors  under  practically  the 
same  load  the  alx)ve  measurements  will  enable  us  to  linil  this  elhciemy. 
Tims — 

Let  p,  =  the  output  of  the  generator  M,  and  the  input  of  the 
motor  M, 

„    P,  =  power  supplied  by  the  pulley  P 

..    Pa  =  tilt'  outptit  of  the  motor 

X  —  till  i  thcit  iicy  ol  I'illar  machine  at  the  luaci  i'^ 
then  i'3  =  v  1', 

„        P,    =    .V     (I'j    +  1;,) 

whence  p,  =  ac  (i',  +  v  i-,) 

and      -  .v)=   (I) 

Hence,  if  we  know  p,  and  Pj,  the  value  of  x  can  be  calculated.  The  equation 
(I)  to  be  solved  is  a  quadratic  equation,  and  thenl  re  lias  two  Milutioiis. 
It  will,  however,  lie  found  on  examination  tliat  one  of  tliese  i>  iuf;ativr 
and  greater  than  unity,  and  tluTefnre  is  inapplicable  to  this  particular 
problem.  Tlie  other  is  jiositive  and  less  than  unity,  and  is  the  one  to  Ik- 
ad<ipted  as  the  applicable  solution. 

The  1,'reat  aih  anta.ne  of  the  Hopkins. .ii  inc  thud  is  that,  when  tiie  et'tu  ii  iicy 
of  the  machines  is  fairly  high,  the  unuHint  of  jiower  Pj  wasted  in  the 
test  and  which  has  to  be  measmed  mechanically  by  the  transmission 
djTiamometer  is  very  lU'uh  lt-<  tlian  tin  load  i',  of  the  machine.  Thus 
if  the  erticiency  of  eai  li  iikkIiiik  ix-  i)5  j>er  cent.,  I'j  is  not  one-tenth  of 
I',,  and  at  t)0  per  cent,  it  is  less  than  one-tittli.  Below  this  the  ratio  of  Pj 
to  Pj  rapitlly  rises,  and  at  75  jht  cent,  efficiency  the  jiower  to  be  supphed 
to  the  pullev  is  over  43  per  cent,  of  the  power  on  the  shaft. 

\\\  ohndioii  to  tile  nutliotl  is  that  ahli(-UL;li  at  lii^'li  ett'icier.cies  the 
assumption  that  the  (;enerator  and  motor  have  tiie  same  erticiency  is 
sufficiently  correct  for  practical  purposes,  it  ceases  to  be  so  at  lower 
efficiencies  .-md  tiie  method  fails,  .\nother  o',>n(tii>n  is  that  tlie  method 
requires  the  machines  to  be  itleiUical  m  construction  in  order  that  the 
aliove  a^-,umption  may  lie  approximately  true.  They  must,  in  any  case, 
run  at  the  .same  speed. 

NotNvithstanding  these  objections,  the  method  is  so  convenient  that  in 
one  or  other  ot  its  niodiiifd  forms  it  is  widi  K  useil  for  te>tini,'  dviiaiuos 
of  large  size.    The  most  important  niotlitication — made  by  Kapp  and 
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lli.  rs  -is  tliat  till-  |f>\vtT  wa*t<-<1  in  the  <l.>«Wc  transfonnatinn  should 
-iiliplicl  fifi  trir.illv  ti>  thr  .  ..nii.  c  tiiiu  win-  iii-t.-.u!  .  t  m.-.  IkiukmIIv  to 
tlif  ronuocti'd  shatt>.     Tlu-  advaiit.iKi-  i*  tliat  |>o\\«r  so  supplifd  lau  \>.' 
imti  li  more  easily  measutwl,  as  we  haw  alreatly  shown,  tlian  mwhanical 

\\AYY^  (iiayram  of  coimcrtious  for  this  test  is  piven  in  Fie 
liif  two  iiuulniu'S  under  test  are     and  M,  wliit  h  ai.'  n  ini  MMit.  d  .li.i^;i.mi 
matieallv  as  shunt  machines  excitetl  by  tlie  oils  s^  and  s„,  f.  -im  i  ti%.  l\ 
The  machine  r.  is  to  act  as  the  Retierator.  ami  the  machine  m  as  the  iroitor  : 
aid  in  order  tliat  lli.-  lattn  inav  generate  a  1.-^  i  M.r.  than  the  fonner, 
a  resistance  R  is  iutr.«hiced  into  its  exciting  ciaiiii   Imf  lu  other  nsix-ets 
the  machines  are  similar.    The  motor  M  is  shown  as  dnvm;;  tli>  -,  u.  i 
,,  |,\  -n.  aiis  <.|  the  belt,  whilst  G  supplies  CUi!'"nt  to  drive  M  elei  tn>  all\ 
tliroii-h  the  tliu  k  line  circuit  as  shown. 

The  power  I   t  in  the  duuWe  translormatbn  and  in  fricthwi  of  various 
kinds  is  supplied 
to   the  electric 
1  iiciiit  friini  till 
third  machine  x, 
which    is  con- 
n  (■  (ted  up  as 
>liowii     'o  the 
thm-\\av  >witch 
K.  whicli  can 
either  be  placed 
ill    the  j.'i-'itinu 

'■  I,"  as  shown  in  ,  ..  ,      ,  j] 


Fis.  Ms.— Kapps  Modifk-atlm  of  thf  H,ipliir»i>n  Te«t 


the  diasram,  or  in  the  pDsitioti  "2.  sI„.vmi  Lv  t  ,  luii. d  li 
ait  ammeter  a  in  the  main  circuit  between  the  pu,iii>,  to  which  th-  luo 
lower  contacts  of  K  are  connected.  Now,  if  the  switch  Ik-  m  position 
I  the  atnmeter  meaMues  the  full  -.uii.ut  tl.Avit.^  the  niutnr, 
nartlv  supplied  by  G  and  partly  by  X  through  K.  It.  ou  tlie  other 
hand",  the  switch  be  in  position  2,  the  current  fmm  x  no  lonp  r  pa-., - 
through  tlte  ammeter,  which  now  measures  the  current  c,  ot  iii 

generator  G.  ,,  .  i 

The  ratio  of  the  currents  c,  to  c,  is  the  over-all  .  thnencv  i,m  ,,,iii- 
lMuit:..n  ^mce  it  the  ratio  ui  the  total  output  to  the  total  laput.  it  we 
assume  that  the  fall  of  poteultal  al-mt;  th.'  wires  between  the  machines  is 
nefili^ble;  and  if  we  assume  further,  as  i^  uM.al.  that  the  ,  ti.,  m  i,, 
of  (.'  and  M  are  e<vual.  the  same  ratio  is  the  square  the  eituirncv 
of  either  machine.  Tliis  proposition  may  Ix-  qmte  simply  proved  as 
follows : —  „ 

•  l-rom  Dr.  S.  P.  Tiiompson's  ••  Dynamo  liltciric  M;u!,iiicry. 
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Let  .It  =  the  efficiency  of  eitlier  machine  at  the  y^ar  cular  load  usid 
in  the  test, 

„   P  =  the  power  transmitted  mechanically  from  M  to  c 


then  v  =   .  ..... 

wlierc  V  is  the  p.u.  between  the  brushes  of  eitJier  machine 


also  X  = 


vc. 


(1) 


(2) 


Hence,  by  multiplication — 


l^  =  c,        •      •  • 
We  have,  therefore,  the  efficiency  of  either  machine — 


*•  =  — —  X 
*  VC, 


(3)  QE.D. 


WR.V 


fig.  86A.— EledriaU  Conneetioiis  (at  Hopkimon  T«rt  in  Factory. 


ami  the  test  is  re- 
duced to  taking  two 
readings  on  an  am- 
nu'ter,  than  wliiili 
it  is  difricult  to 
imagine  anything 
simi)ler.  The  general 
remarks,  however, 
already  made  on  the 
method  must  not  be 
overlooked,  and  the 


copper  losses 
n  ther 


in  tlie  field  coils  must  be  taken  into  account, 
be  an  appreciable  fall  of  potential  in  tlie  leads  or  connectinf; 
wires,  voltmeters  can  be  used  to  measure  the  p.d.  between  each  pair  of 
brushes,  and  this  can  be  introduced  into  the  ecinations.  but  the  unknown 
and  unmeasured  power  P  transmitted  meclu-nically  from  m  to  c.  will  cancel 
(I'lt  lit  tlif  final  result.  It  is  further  obvious  that  if  the  efficiency  of  one 
machine  lias  been  carefully  ascert<uned  independently  at  all  loads,  the 
method  can  be  used  to  determine  the  efficiency  of  the  other,  either  as  .. 
generator  or  as  a  motor,  provided  the  electrical  magnitudes  are  of  the 
right  onler. 

The  diagram  given  on  page  843  shows  the  connections  for  making  the 
test  for  shunt-wound  machines.  Tlic  modilic  ations  for  ;  frios-wonnd 
machines  are  fairly  obvious,  but  an  intt  re^tinf;  <  .i>r  is  that  of  railwav  motors 
ill  wlii.  h  large  numbers  of  machines  are  turnid  out  which  are  all  built 
to  tin:  same  design  and  specification,  and  which  are  therefore  pc(  nli,irly 
well  adapted  for  the  almve  test.  The  connections  for  carrving  nut  tlir 
ti  >t  in  the  shdjis  of  the  Cn  nrral  l-'.ln  irn  Ci.inipanv  at  SclH'iiertadv'  arc  given 
m  I'igs.  6Mj  and  867.    The  electrical  circuits  are  shown  in  Fig.  bOO,  and 
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,he  mechanical  connections  in  Fig.  8O7.*    A>  n,  the  vn  v.ous  .1  n.r,,n^ 
M  ma     a.n..t.  the  in.,  hiius  un,U  r  t.-t  %vhid.  uro  actiiiK  as  motor  aiu 
..aerator  rc^pertivelv,  and  in  Ti,'.  .S'>7  tlu-so  machine,  are  shown  couple. 
t(«;ether  through  their  gear  wheels  o„  th.  >;..n.  >h,.tt .  on  nvIu.  Iw.I-  h  a  -.m  ill 
motor  F  the  function  of  xvliich  is  to  supply  tlu'  xum  an,!  Iru  tmnal 
,,t  ,i„.  tNvo  machines.    In  the  principal  circuit  (FIk'.  .^•.<.)  the  arm't'""'-^ 
„„,  „,l,i  .  oil.  of  M  an,l  G  an-  all  in  sorie..  an.l  th.  iv  n  hi.  hi.lc.l  a  booster 
D  belt  Iriven  bv  a  small  motor  1:.  aUo,  as  i.  i.  >uppli.  a  w.th  power  fnMU 
the  .upplv  leads  mm.    An  ammeter  A  is  insert..!  m  tin-  .nv„,t  f- 
ni.  i.ur.'  tlu'  l.-ad  .  urn.nt.    The  function  of  B  is  to  make  goo.!  the  <lr.,p 
,jf  v.>lta-;.'  .-.lUMNl  In-  resi<tan.-e.  an.l  thus  to  s^ipply  the  enerRV  wa«^te.l 
in  the  ro'istan.  -  of  tlu  ma.  bin.-  ;  in  ..tlu-r  \v.>r.l-,  tu  ni.ik.-         t!u- .  ..pp.'r 
lo,-     It  will  be  noticed  that  the  field  of  the  b.K^>ter  is  ex.  it.d  troni  tlu- 
Mipplv  mains  throuph  an  adjustable  rheostat,  and  that  there  1.  a  vyat.-r 
rlR-.>^tat  w  R  Nvhi.  h  r,-i;nlate3  the  power  supplied  to  F.   With  the  explana- 
tion already  given  the 
reader  will  have  no  diffi- 
euliv  in  de.  idinK  what 
measnr.nu-nts  are 
neces>a- V  ;    he  shouhl 
not  .)verlook  the  powei 

Mipplie.!    to    the    shaft       r.g.  e67.-M«h«fcaJ  Conn«tlor,  for  Ho,Jtta»n  T««  U  Factory. 


l)v  r. 


It  has  been  ponUe.l  out  above  that  one  t;reat  advantage  of  this  method 
of  test  ngi   L  facility  wiU.  which  U  can  be  a.pl-e.l  to  lar.e  n.achmes 
M  tclu  "  can  be  rnn  h.  hours  un.ler  full  load  without  the  esiK-ndUure  of 
an  ev  -ive  an.nmt  of  p.-wer,  a  point  by  no  means  neghgible  when  arge 
machines  are  in  qu.-.t.on.   Two  lar,.-  continu.n.s-current  machme^s  are  ho«n 
Z  Z  868  coupled  ready  for  the  Hopkmson  test  m  the  works  of  Me.  r. 
M  .tlu.r  and  Piatt,  ^nth  which  Dr.  John  Hopkinson  was  mt.mately  ass...  .at.-. 
V      1  .  "r.t  pub  i>h.  d  the  nH-th...l.    In  this  case  the  tw..  machmes  are  n.. 
:;f";;;al  rated  output,  one-  that  .,n  the  l.-ft-being  a  -c^;- 
to  give  880  kilowatts  at  230  volts  when  running  at  ly.  k.I'M.,      t  .  ap 
Mr  .4  earrving  .>v.-rl..a.ls  up  to  1,150  kilowatts  f..r  two  hours  an.l  1,-0 
kilowattV  for  a  few  nunntes.    The  rated  output  of  the  right-hand  maclune 
is  675  kiU.watts  at  1.55  to  15"  v..lt>  .vhen  rnnnmg  at  150  u  >•.>>• 

In  the  test  the  machines  were  joined  up  a.  >h..wn  ni  and 
wer.-  run  at  160  R.V.M..  which  was  a  little  oyer  the.r  rated  sp. .  .1  1 1..- 
smaller  machin.-  ..n  th.-  n,hi  was  ,un  a^  a  m..tor  vjtth  a  cur.-nt  ..f  4.-,-o 
ampt^res  at  iN>  volts.  ben,g  it>  tuU-l.ud  current  but  an  exc.-ss  n,.  ta..- 
The  other  machine  was  run  at  the  same  voltage  an,  ..t  ab.mt  1  .11.  .  a 
current  a.  a  u.  n.-.ator ;  it  wa.  ..f  .  .m,-.-.  un.l.-r-.-xe.t..!  ..n  .t>  ^hu..t  ...1.1. 
♦  Fr.m  a  letter  of  Mr.  V.  M  Uenton  in  the  EU  Jri.ian,  Vol.  I.XX  ,         ^^'i  U'-l  j  • 
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but  thp  copper  Io««;es  in  both  armatures  wouUl  l)e  full-load  lusscs.  Tin- 
ti-t.\vhi.  h  W.I-  M  .illv  ,1  lu-.it  t(  -t  anil  imt  an  rttn  ii  iicv  tc-t,  la^t^•(l  -i\  hours 
with  no  Kiiatir  lii>s  energy  than  wmild  he  involved  in  a  fuU-luad  test  of 
a  120-kilowatt  machine,  thouRh  the  combined  load  r)f  the  two  machines 
was  about  1.500  kilowatt'-.  T<i  diivr  thi-  -in. ill.  r  nf  the-,'  niarhints  .it 
full  lo.id  would  have  refiuiml  .1  (,00  o;  ()5o-ii.r.  eni,'ine,  and  would  hav." 
mom  jH'li-id  this  engine  with  its  boilers,  etc.,  for  the  six  lumrs  of  the  test. 
.\pplu\ilion  to  AUcriiaiors. -The  principle  of  the  Hopkinson  test  can 


y'l^.  rf-H.    Jwo  L;.r  c  Mather  and  i'lalt  Pynamos  Coupled  for  Testing. 


also  Ih'  utilised  for  testing  large  alternators  under  appro.vimately  lull-liMd 
conditions  without  calling  upon  the  resources  of  the  test  room  to  >n})i.i\ 
nmri'  jxiwer  than  i>  n(M  <>-ar\-  to  make  ii<<m\  the  losses  caused  by  the  in- 
elrii  ien(  \'  of  the  mai  him  s.  Two  su(  h  two-phase  alternators,  each  having 
an  output  of  i..^5(>  kilowatts  at  io»)  r.p.m.  and  50  »\#,  are  shown  in  Fig. 
.'Mill,  nimuited  on  tlir  work-  tf-t-bcil  luid  i  dujili.i  tot,i  llirr  , .1  tnni.oiMrx' 
sh.ift  The  niaclinu  -  w.  rc  l.iiilt  ,it  Sii  inen>  iSio-.  i  )\  nanio-  Works  at 
Stalloid.  .ind  Wi  n-  pr.n  ti.  .ilK  idi  iiti.  ,il.  'lo  ciriA-  out  the  Hopkinson 
test  the  frame  of  one  is  di>placed  relati\t!y  to  the  other  so  as  to  give  a 
pha<e  displacement  of  about  25  elc  trical  decrees  in  the  K.M.K.-  in  the 
(oniplrtr  (  ir^iit  of  tile  t w o  ni.iihiii'  Ill  till-  i  .i-i-  ilif  li'ading  m.ii  hine 
was  run  as  a  generator  with  an  ontput  o(  1,  550  kw.  (Co>  f      i).  and  the 


Thf.  Hofkixsos  Test  appusd  n>  Altkhsatoks  S47 

latiKiiig  machine  with  a  slightly  reiluced  tiol.1  as  a  motor.  Tli.  1-.^--. 
mtHhanical  and  electrical,  are  supplie<l  by  tli,    ,  .  n.mn  .u- urn  „,  inuior. 


which  can  bo  n  -lin-  tlv  ■  .mph-l  to  th.  shaft.  With  tli^c  an-..n,™ts 
wHen  the  ncc.  ..ary  adju.tnu  nt^  ha.l  la-cn  ma.U-.  tl^:  f«H  l<.aa  c.rculatm, 
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CUiT'  nt  of  205  ^iinpi-ns  was  very  sti  aily  with  no  siirns  (if  hunting  or 
sur^nii;. 

The  theory  of  the  meth<Kl,  whi<  h,  in  the  main,  is  the  same  as  for  tin 
continuous-furrent  case,  is  readily  explained  by  the  ve "tor  diagram  given  in 
I'ii,'.  Sjo.  [.rtn  1;  be  the  L,'fn(Tatori:.Nf.l-.  :in.l  ( I  M  the  motor  K.M.l.  hii;:^int;  in 
l)h,i»i'  beiiind  direi  t  oppo.-ition  to  o  G.  The  re>ult.int  k.m.f.  is  o  E  operatini; 
in  tlieclosetl  circuit  of  the  two  armatures  in  series.    As  tliis  circuit  lias  a 

low  resistance  the  current  is 
/  '  prarticnllv  in  (jnadrature  with 

o  K,  ami  may  he  represented 
by  0  c.  Tlie  power  absorlied  by 
the  eU'ctrical  circuit  in  the  gene- 
rator is  the  priMhii  t*  or,"-  o  i  . 
Ahirii  is  -|-  .  whilst  the  pro- 
<lu(  t  n  M  «  o  (■  is  — ■',  and 
denotes  power  given  electrically 
to  tt>e  motor. 

In  ri,!,'.  S70  it  will  1).>  noticed  that  the  current  o  <  in  the  j^enerator  I.1-- 
by  the  anj^le  <f,  liehind  the  generator  li.M.F.  It  i>  oin  ious  that  by  altering 
the  relati\e  magnitudes  of  o  v.  and  o  m.  wliich  can  lie  done  by  altering 
the  I'xcit  ition  in  either  ease,  this  angle  of  lag  niav  Iv  ;,'i\en  an\-  value 
ck-sired,  and  may  even,  by  o\\  r-excitation  of  the  motor  and  uniler-exeitation 
of  tlie  generator,  be  nuide  into  an  angle  of  lead.  This  is  shown  graphically 
in  Fig.  871.  in  which  tin  \eetors 
are  marked  as  in  Fig.  S70.  By 
1  .ir.  tiil  ad|u^tnii'Ut  the  powtT 
1,11  tor  ol  the  generator  can  i)e 
made  unity. 

The  lo-.>es  are  cliietly  made 
good  bv  t!ie  eontiuuon-.-eurrent 


Vi^   S7 — Vc,-t*>r  l>iat;ratn.  Hojiltin'-'il  le~t,  (Venerator 
Current  t.aggi(ii;. 


Fig.  8,., 


O  6 
-Vector  DiacruB,  Hopkiaiuo  Tetl,  Gesemlor 
Curreitt  Leading. 


motor,  whose  mechanical  output  for  a  given  input  will  be  known  from  its 
efficiency  curve.  The  copper  losses  in  the  e.xcitation  circuits  of  the  twd 
machines  must  Ik-  added  and  the  total  loss  thus  ascertained.    From  this 

and  the  elci  trii  ,(1  load    11  the  generator  the  efticiency  can  be  cali  ul.iteii. 

Ihe  result  ot  the  tc-t  referred  to  above  (sec  page  ii^U)  was  that  witii 
an  output  of  1,362  kw.  with  a  power  factor  of  0  98  the  total  loss  was 
Jij  kw..  tiiu-  gix  iiiL,'  ,an  ethi  iein  v  of  (14  25  per  cent. 

The  tie.\il)ilit\  "t  altt rnate-currcnt  working  as  compared  with  ■•u- 
timious-curreiit  w.nking  is  prob,ilil\  ncvslierc  better  exeinplitieil  tli.ni 
in  the  possib](  adaptations  of  the  Hopkiiison  method  to  the  testing  of 
alternators.  The  methoil  ]>riinarily  requires  two  similar  machines  mechanic- 
ally and  ele(  tri.  .dly  (.  iipled     WitJi  alternators,  however,  the  conditions 

•  1  ur  the  iiiiMnnii;  ol  the  pr  <)uct  ol  iwo  sucli  vectors  J<v  \\>\.  I.,  jxige  70(>. 
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.  m  be  luhillt  !!  within  ttu'  limits  of  a  single  machine,  ami  that  in  a  variety 
•  t  ways.    Many  vears  a.i;.)  Mn.xly  ..nt  tliat  if  -"W       the  .  on- 

iu-.  tiMns  of  the  win.lings  of  an  alternator  armature  w.  re  rev.  r>e.l  an.l 
th.-  machine  nm  on  short-cirniit  w-ith  the  tieUI  excite.l.  the  current  m 
I',.-  rrv.r-..l  h.inu  driven  ;ii;ain-;t  tlx'  pn-ure  woiiM  act  as  a  motor 

,urn„t  reinrnm^  emrj^y  to  the  rotor.  It  h,  hnwevrr.  nn.lesirable  thns 
to  interfere  with  armature  conne<tion-.  and  tnr  thn  .nul  nth.r  r..i-oiis 
-  .nv  varietv  "f  th.'  -'tlier  principal  metluxl  is  preferred  in  practice.  lhi> 
,  ii-i^ts  in  rev.  r-inn  tlie  pnliiritv  of  a  certain  mmiber  of  the  tieM  piles  of 
,  multipolar  machine,  thus  rcvcr-in^  the  K.M.r.-^  in  the  armMnrc  rundnctors 
.^\  ■■n  pasMn;;  these  poles,  liehrend,  who  lir-t  i>ropu-.,  d  xU-  nirth.-d  m 
i  rS.  snt.-«este.l  flividinK  the  poles  into  two  equal  ffc^wy^.  in  .me  ..f  whi.  li 
th.  "  rxcitiiiu  .  arrcnt  was  reversed.  'Hiis.  however,  ohvinu>ly  give-,  nn- 
l,a!aa.  e.l  magnetic  jmll-  on  tlie  two  halves  of  the  fiel-l.  so  mu.  h  so  thai 
it  was  .piite  unsafe  to  rmi  the  machine  at  anvthin,;  lik.-  tull  .AMt  itmn. 
Othrr  divisions  of  the  tiel.l  with  tlie  same  ohje.  t  in  view  have  lM  ,  n^>ro- 
n,w,  d  and  I>r  S.  P.  Smith.*  who  has  <levote.l  mn<  !i  attention  to  tins 
'nl-i.'.'t  i.cdul.-  twcKv  diltrrent  mdhod^of  dividing  the  I'.el.l  of  a  twelve- 
pole  machine  ;  lour  of  the.-  ^ive  nnl.alan.  rd  lu  ld-,  of  wind,  two  an-  safe, 
and  ei<'ht  balanced  fiel.ls,  of  which  two  are  proved  by  experniient  to  1„-  xci\ 
.11.'  excellent.     1  he  last-named  had  the  coils  alternately  j;encrator 


more 

1, 


re<-ent  paper  (iqoS), 

nto  ihirt\'  gcncr.itor 
i.;iitcin  motor  poles 


,.licd.  a- 


Fig.  SfiQ, 


.ind  motor  I'oils  in  cpid  numbers.  In 
Dr.  Smith  divider  the  u,  Id  ot  a  .jS-pole  m  i 
1    1,  <  (two  groups  ot  eight  an<l  two  ot  ~rvcn)  am 
^;wo  iLrouj)-  of  tive  and  tvo  of  four). 

When  liic  iboxv  t,'~t  i-  m.idc  tlie  h-.  -  .1,'  . 
bv  i  -Iriving  motor  wlio-e  mech.mic.d  output  cu  be  aMcrtamed.  and  to 
this  has  to  be  a.lded  the  excitation  l-^ses  if  the  exciter  is  not  coupled  to 
;:„■  -halt  <if  the  alt.rnator. 

H  ,t  be  .h  -ired  to  M  parat-  th.  varion-:  lo.^es.  thts  can  also  be  remhlv 
,ione  as  mav  be  ^eeu  bo,,,  tli.  loilowm.  ,  xampl.  O^.  n  !  v  IT.  ^nuth  tor  a 
kw  machine  with  coupled  exciter.    Hie  driving  niotoi  ,,b~orbed  3  kw. 
^i;,  n  running  alone,  and  7  '>  kw.  when  running  the  alternator  and  excter 

light,  hence :  — 

Windage  and  friction  los-  -  7  0  -  5-5  i-.t  kw.  i 
When  driving  the  alternator,  normally  excited  on  op, 


11'  nit .  the  li 


(1) 


;>,-,,rbcd  ib-4  kw..  of  which  2-<)  kw.  was  u>ed  in  the  ex.  itatiun  .  ir.  u.t 
hence  ; — 


Alternator  ir.iu  1. 


Ilr4 


(,■5  kw,  (.V7'-  .) 


(J) 


When  .Iriving  the  alternaf.r  on  -hort-.ircn.t  im.ler  lulld..ad  ,  ..ii.lit..;n. 
the  motor  absorbe,!  .:r4  kw.,  of  which  4  ;>  kw.  was  used  m  the  excitation 
circuit,  hence: — 

•  /.I",  \..k  i-V->  Y-^-^'^  509  "905)- 
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Stator  tcjpinT  li.-    ( jr4  ~  4  ;)  -  (i(v4  -  2  (()    3-6  kw.  (2%)     .  (3) 


In  ( (>iiiir(  tidii  witli  till  s,-  ti  ~t--  x  v.  ..il  interesting;  -iniliiems  arise  upon 
whieh  we  ii.tve  nnt  sp  u  e  tn  eiiinu'e.  riiev  chiefly  centre  round  the  ques- 
tion as  to  how  tar  full-loa(l  ton<litimis,  as  r^artls  excitation,  heating,  iron 
lo^-es,  ,  ti'..  are  r,'i)ro( lured  in  ,(//  their  (U'tails.  and  h(iw  far  the  assumptions 
iiinliiKni  tli<-  <  ill  Illation  jn  '  ,;;i\'  n  .ir,-  )ii~tiii  il^le  in  mukinK  deductions 
tor  lull-lo.id  eondiiion>.  Kxjx-rieui ed  expennienUTs  assert  H-at  by  lom- 
binini;  tein|)erat«re  observations  marie  after  tin-  ordinary  "  no-load " 
and  "  -lidii-rir.  iiit  "  te~l  .  it  1-  ])i>— il,!,-  a, curat,  l'.-  to  pri-ili  uTmine  the 
he.itiii!;  oil  lull  1"  id  when  both  '  Vi  1111114  eoil>  aiul  1  ore  arc  ai  tivt'. 

The  HopkinMiii  methiHl  of  test  has  al.-M)  been  appHetl  to  imiuction  motors, 
wliieh.  .IS  We  have  shown,  can,  uniter  certaiH  circunistancfs,  act  as  genenitors. 
1  lie'interjiretation  of  tlie  ft'sts  L;tves  ri^  to  prnlilems  which  lack  of  >pace 
niake>  It  iiii|)o~-il)le  Ic  ileal  with  Ih-i,'.  lv,Mder~  who  ar<  '.ai  r<-!ed  'an 
lonsiilt  a  p.ipe!  i)y  Dr.  ^.  1'.  Mnuii  in  l  ih  l:L  i!iiChii<..  \  ol.  I.XIU.,  patjc 

I'»5  (ll)tMl)- 

VII.  ~Kt'NNIV<^IK>«rN  THSr.S 

Till  ll"i'kinson  test  and  it--  di'V«  kipin-nts  tui  iiish  direr;  nietlKKls  ot 
iiieasuriii;.;  the  total  lo.sses  of  the  niai  laai-s  under  U-^.  and  al.st),  in  s<mie 
(  .is(  >.  allow  these  loss,  s  to  be  sepatat*  '  witli  -omi-  ol  thtir  ,  ()inponpnt 
pai'.s.  Another  i:t  i',i.il  nu  lliud  nl  ■  .iniiK  ijitonn.it ii>i;  fniii;  w'ir  li 
the  losses  can,  with  care,  lii'  appro \  rwtel  dedus cd.  is  by  t.ikiii^ 
what  is  known  as  a  "  runnintj-down  "  tt-*.  Vm  brir#v,  ti»»  consists  tn 
r:'.iiniim  tin-  inai  liine  uiider  te-t  up  t"  a  sj,,-,.,!  t      norn:  !  and  dis- 

( iiiinei  tiiu  the  appar.itus  riquiivd  loi  tin  piL.  j>os,-.  l  lu  t, iii.iehine 
is  then  allowed  to  run  down  tnider  dehiY«c  i  i.inditiwns  until  't  stop>, 
ami  careful  time  readings  of  the  sjx'ed  art  tabrm  diB»ig  tin-  fieritnl  of 
deceleration. 

l'"or  this  purpose  a  stmhosci  pi.-  in,'lli(iii  ,.t  ~\h  .  ]  n.,-  as\ii.  -  ■  nt  ii  h 
as  is  described  on  pages  ,Sjj  to  ,Si(),  is  particularly  'iiien:   .ind  f  ig. 

.S7J  gives  some  measurements  of  this  kind  taken  h\-  f*-.  Divs^+ale  when 
e\p,  riiiH'iit iim  01:  -]i  1,1  nu  asiiicnu  Ml ~  <•{  tlii-  kin        '     1  1  •  •  1,  i- 

plotted  hori/.ontaily  .ind  speed  \,itii  all\ .  The  exi-iiiiKiU  w  it'  made 
on  a  3-H.li.l'.  I.angdon  Davies  siiiLile-pliase  motor,  wht.  It  wa>  rm  up  to  a 
little  al>i'\-e  the  highest  spei'd  recorde,l  ill  the  di.igram  ..h  i  lint)  wai  alhuvid 
to  run  ,|o\\n  to  rest  iiiiiler  the  dilfcrent  conditions  sp,  1       1  ,,11  the  cttrves 

The  enr\     n'l  III,'  1  i.Jil  wit  1 1  I  111'  liMsI  -|i  ipi-  u  as  1 .'.!.,!  i        ■,>.  nil  -ill  liill'. 

quiti  uidoaded,  the  ilecekrating  toriiue>  being  ilue  t .)  I  ■  .rm^  tri-lfc  ti  .^l 


Full  load  CM  it.ition  1. 

lut.li  loss 


(4) 


1  till  iencv 


MuKXixG-DOtrx  Tests 


8$i 


A'indaRe  onlv.  Fnr  the  «*her  three  curves  a  known  brake  torqiK  sjuv  itu .  1 
VMS  adde.l  Hk  motor  pulliiiK  tip  much  more  rapidly  as  the  brake  torque 
was  increased,  until  with  the  heaviest  load  used  onlv  .'o  seeond*  were 
taken  to  stop  drad,  and  it  inu~t  hav.-   I.eeii  v.rv  .littMilt  with  the 

„  thod  adopted  to  obtain  reliable  readings  to  plot  the  eurve. 

1  he  theory  of  the  interpretation  of  sneh  eurves  is  simpU-.  but  it:,  ipplu  a- 
,ion  in  pra.  ti.v  i~  not  M<iite  m,  ,  i^v  Wh-  n  a  rotatinR  body  is  changmg 
its  -.peed  we  have  the  elementary  equation 

Tniwue  =(innnwnit  of  inertia)  ■  (.m-ul.ir  a.  -  ■  L  rati. .n)         .  (I) 

.,n-i,tent  unit-,  ot  ...iir«e.  Wm'A  u>ed.  U  the  body  be  >lownig  down 
I  he  toniue  i~  a  retanlnm  tonpie  ami  the  acceleration  is  neRative.  that 
„,  it  is  a  de»elerati(m.  and  since  the  moment  ot  inertia  remams  un- 

>  hanged :  — 

Ketardint;  tonpie  cC  angular  deceleration 

Now.  in  a  runnin;;- 
ilown  curve  plotted 

r-  in  Fiu.  N;^.  since 
I  ai'.ini;ii!.u  \ '  io. 
1-  plotted  af;ain>t 
the  time,  the  rale  of 
i  lhi:  I'/  diii^idiir 
.  .Un  ity,  which  1-^ 
tin-  an^'ular  ilei  eh  r- 
atioa,  is  measun  d 

it    anv  point  bv 

,1„.    M.-iv     ol  th.- 

,  urve  at  thai 
point.    This  slojie 

1  ,  known  it  W'  I" 
.h.iw  the  t.m^;.  :'t 
T  V  N  (iMg.  h7J)  to 

tl„   lurve  at  the  point       for  til.-  >l..pe  IS  the  tan^' nt  oi  th.-  aiu;l 
and  with  proper  units  we  hav*  - 

Angular  deceleration  ^  tan  T  N  <> 

Two  difficulties  ari>c  m  practi,,-.     Hi.   tuM       f  di  iw  the  tan,. m 
lip,.  TN    vith  MilVicient   a.-.nr.icv.     Ih-   .  urv.-  .\  !■ .    not  bein.i;  a  kn..wn 
..,,nvtn.,.l  cnrv.-,  the  .Irawin-  of  it-  tann-iil-         matter  of  gue--vv..rk. 
an.l  tli.   a.  ,  lira.  V  ..1  ti,.    i.-ul!  .l.-p.  u.'-  ..n  ih-     •  •   "I  li"'  'h aiid.t -in  ,n. 
The  u~iial  wav     to  ln>t  .i'      th.-  ^  nrw  it>.-I'  \i-r\  ..nelulls 
from       )*.tte.l  ub^'rvation^,  ,in.!  th-T,,  takiii.  .  tin.-  M..  k  \ 
,t  taut  a.'.-t  1.  ..ve  it  ab.-ii  ui.ti:   :.a-in-_-  th-oud.  r  '|  -•••in 
right  postti'.n,  that  i=.  l.iking  ti.    ual  auction  ol  th-  • -n 


1  N  U. 


(.;) 


I .  ,1  nil.'  hue 
r.-,i.i  -tiitih 
to       in  the 
.1  I'.  The 
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piints  T  and  n,  in  wliiih  it  <  uts  the  two  .ixo<,  «  an  tlun  he  read  off,  ami. 
if  neressan-,  the  line  T  N  drawn  after  the  thread  is  removed.    It  will  be 

obvious  tli.it  witli  ( I  rtain  curves  lii^'li  m  i  iir:i(  \-  <  iniiot  be  ensured. 

Tlie  'tcond  ilittK  iilty  lies  in  <j|)t.iiiiiiif;  the  .u  tu.il  \.dne  of  the  torque, 
wliii  li  onlv  ])ro])ortional,  and  not  eiiu.il,  to  tlie  deeeleration  so  obtained. 
I  lie  niuhiplyinK  factor  (s.r  e(niation  (i))  is  tlie  moment  of  inertia,  a 
•lu.iiitity  not  easy  to  determiih'  e\ini iinent.illv. 

A  sini]ili  iiifthi"!  ..|  ..lit.iiiiiiiL;  the  in'cc— ,ir\  .■siiirimini.il  il.it.i  wiili 
out  measurin;,'  the  nioiiK'nt  of  inertia  direi  tly  is  the  loliowini^.  .1-  apjihnl 
to  a  <  ontinnons-rurrent  shunt  machine.  The  machine  should 
lir-t  b.  rnn  unloailnl  a  motor  af  iioinial  -lutil  for  a  sufficient 
li  iii;t]i  o|  time  to  allow  the  lieariiii.;-  to  a-.i)me  the  stationary 
temperature  and  the  lubrication  to  ki  ttle  ilowii  to  utu.il  ruiiiimL; 
condition^.  I'he  watt^;  absorbed  at  this  speed  are  noted,  and 
by  .dlowinL;  tor  the  r-R  or  c  a  .  vr  los>e<^.  the  steady  retarding 
t'lriiur  •  ,111  1-c  c, ill  111,  iim  till'  irin, lining;  w.itt--.  tin- 

-peed  In  iii^  known,  ilie  speid  i^  then  l,ii-icd  .illd  the 
armature  circtiit  broken,  when  the  machine  will  retaril 
with  its  tield^  .  xriteil,  the  .iriiiatiiic  iron  1,,—.-  tln  rt  lorr 
remainiii.i;  as  belore,  wluii  it  p.i---i-.  tlironi;!! 
the  normal  speed.  Hie  tiiii.^  d  in— mu' 
through  this  normal  ^peed  o  .v  (I'ij;.  .Sjj)  is 
carefully  noted,  and  the  retardation  curve 
is  drawn  from  that  point  oiuv.iril-.  Tlu 
anpular  dei  eler.itioii  ,it  normal 
speed  is  measured  b\-  the  slope 
nt  the  i  lirve  at  A  a-  the  ratio  nf 
0  A  to  0  M.  and  llie  retardini; 
tuiinH'  lieiiiL;  known  at  thi-  ^pi nl 
the  multiplier  can  be  deduced, 
whic  h  must  be  used  at  the  speed 
denotetl  bv  .inv  .ah,  ;-  point  i-  "U  the  curve  to  obt.iin  the  retarding  tonpie 
at  that  -peed.  From  tlie>e  cal'  ulations  the  speed-tonpie  curve  ol  Fig.  ii/j 
can  be  plotted  and  the  losses  analysed. 

If  the  ruiiiiiiii.;-diiwn  te-t  W  rcpc.iteil  with  the  field  eirrnit  broken,  a- 
well  ,LS  the  arm.iture  lircuit,  the  mai^netic  lo-se-  will  di-.ii)i.ear  ,ind  tli.' 
frictional  torques  alone  will  h«>  acting.  Hata  will  tlui-  obt.iiiu  ,!  for  di  ter- 
niiniML;  th.-  In-tm-i-  1..-.^  ..t  l  ii;.  S(.;.  If  the  bru>lies  can  be  lifted 
^ud<kllh•  alter  tiie  1  urrent  h  -witc  lied  oil  a  further  running-down  test  will 
enali'e  the  bru-h  friction  to  be  separated. 

To  secure  fairly  accurate  results  in  running-down  tests,  small  details 
must  be  carefully  watched  to  ensure  that  the  conditions  of  the  test  are 
actuallv  those  assume<l.  The  method  of  testing  is  not  well  suited  for  sepa- 


Fig.  S?  j.— Tbct  ry  of  ihe  Runningnlown  Cuive. 
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iting  tlu'  lo>M-s  ill  altirnati-.  urri-nt  motors,  as  .1  curvo  siu  l.  as  that  piven 
1  J  iK- 873  i*  not  easily  interprete  1. 

.\  tvpi.  al  r.  tanlation  curve  with  a  nunilu  r  tlic  ta.iK.nt  hiu  .  .Irawu 
.  .11  ir  1  i«.  S74.    It  is  taken  Irom  a  painr  by  Professor  Robertwrn 

.  c,t.)  .m  l  t  xhibits  the  result*  of  expcrimenti  on  a  contmuous-cunent 

Kn  hino  with 

111  lield  "  off." 
li  will  l>f 
;'utiii'(l  that 
the  «.j)fetl  runs 

lown  from 

I.J3M  H.I'.M.  r 
I.,  /.  H)  111  <)7'5 
-i  (  oiuis.  Asep- 
,irato  "  stcadv- 
1 111111111,1;  "  t>.~t 
~lniwcd  that 
till-  net  power 

l>.^t   .It    I  ,-•5" 

K  r.M.  mill'' I' 

ilir  ((inditions 

■  it  the  ruimin^;- 

.li'wn  test  was 

\\,ltt>.  ■■  .'M. 

wliii  ii  tla'  ii;- 
tanlins  tonjiie 
.it  th.it  >pei'.l 
w  .l^  c.ilculatf'i. 
It  may  Ix-  nl 

lilt  ire  >t  tn 

iiuiitinii  tli.it 
uith  till'  tu' 
'  (111,'  the  .--ainr 
Hi  "tor  r  .1  n 
,i .  ^.  11  f  r  !•  Ml 
iiiiniiiil  .-i>i.-ii! 
to  "  stop  "  in  44-3  sen>n<ls. 

VIH.  — HE.\T  .AND  OTHI.K  TESTS 
Heat  TeSt£:.--Oiu     .  'i     W"\  smiM.it, mt  t.  ~t~  l-  wln.-h  thi-  imrrhaMT 
can  >ubjci;l  a'law  inachiu.-  1-  tlu-  h  \,l  or  t,  u,f,nMu>.        at  mil  l.-a.l. 
l.A-  (  hject  >t  ti.i    test  is  to  a-ceitain  the  stfadv  ti  iuiM  raiiii.  .iWuv.  the 
.■mperatut*-    f  -he  surrouiulaii;  aiiiv^stihere  which  the  in.uhiiie  e\eiuu- 
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•lly  reachts  wht-n  run  (or  a  sufficiently  long  timo  on  full  I,,a.I.  \..w  tin 
lossM  r,f  all  kinds  due  to  electric  resistance  in  the  ciuluctors,  eiidy  cur- 
rents, hystere-is,  and  ordinary  nurlianical  friction  eventually  appear  as 
heat  in  the  niaihine.  Further,  the  rate  at  which  the  machine  loses  luat 
depends,  amongst  other  thinffs,  up<»n  the  difference  of  teiniKratiire  Intwcen 
the  machine  and  its  siirroundinKs ;  tlie  (greater  this  difference  of  tempera- 
ture the  fjreat.  r  the  rate  at  which  the  waste  heat,  which  is  energy  in  a 
tiM  1.  form,  leaves  the  machine.  But  as  lonRasthe  waste  energy  produced 
by  the  machine  ixt  minute  is  greater  than  the  rate  at  which  the  mat  Inn, 
js  losing  heat,  the  temperature  will  continue  U,  rise,  and  the  rate  of  lo>, 
to  iiu  I.  .'M  .  When  l.alano-  is  attain.d  the  temperature  will  becnie  -teady, 
and  reiii.ini  st.  ady  as  lon^  as  the  conditions  are  unchanged.  The  steady 
ixcss  t.iniierature  at  full  load  is  therefore  a  valuable  indication  of  the 
mefficiency  of  the  machine,  though  it  han  not.  of  course,  the  same  metrical 
vahie  a-i  dinct  test». 

rii-^  most  nsnal  iiuthoil  adopted  to  ascertain  this  excess  temperature 
IS  to  run  Ilie  machine  for  a  siiflicient  length  .  t  time  -;ix  h^nr-,  is 
li..|uently  s(u-cilied— at  full  load.  It  is  then  >toj.i.r,l.  ,„id  the  um. 
[xTatures  n|  thev.niuu,  Un  more  e-periallv.  l  ili,.  .ivinature— 

a-certamed.  Tlie  teinperatiire  is  usually  measured  with  good  thermometers, 
such  .1-  .ire  used  in  clumical  experiments,  the  hulh  of  the  tlu-rmonieter 
iH-iiig  brouj^ht  into  iiitiinatf  o.ntact  witli  Ilir  ni.  tal  ,it  tlir  iioint  "'.nr 
the  temperature  is  n.niued.  A  l>etter  metli...],  ,1  the  instruments  are 
available,  i,  to  niea-ure  the  re-istance  of  the  hot  armature  circuit  and 
compare  it  with  its  known  iesi>iance  when  cold.  From  Ww  imi<a-,e  ,.f 
resistance  and  the  kn.^wn  temperature  roettieient  ot  copper,  the  ri-e  ..f 
'  I  .ili  iil.it.  d.      riic  t.  nii.n.iture  so  ii^cert. -lined  will  be 

ihr  Ml.  ail  UTiiu  ture  ..I  the  circuit,  and  not  the  temjHTalure  at  one  aibi- 
traiily  selected  sjiot  as  with  a  thermometer  test.  Dtirini,'  the  six  li,„ir>' 
run  the  temperatun-       i!,,-  t, -tin^  -l,..nl,l  1„   ,;u.,Mi,,d  m.m  iinie 

to  time  by  a  thtini. .mcirr,  phue.l  in  .i  posuion  m  wludi  it  cannot  be 
dir. .  t!\  affected  by  the  lieat  radiated  from  the  machine. 

The  excess  tem|ierature  'mder  the  alxive  mnditi. .ii-  i>  l.iv,  I\  \v.\hx,  n,  ,  d 
bv  the  thoiou,i;hn.'>s  ..f  tli.  ventilatiii,;  arrani^.  nieuts,  and  bv  the  e.\p..M.d 
-'iita. .  ,  ,,!  the  m...  liMie.  it  um,  theL'tore,  as  has  been  >ai.I.  onlv  be  taken 
.111  inaiaiHon  ■  .  mefticiency.  I'.ui  a  machine  whicli  keeps  m..deratelv 
cool  when  ninni...,'  has  ,,ther  advaiitai;es.  besides  beiui;  L;.'iurally  inoio 
eliicunt  than. .11,  -ini.iar  j,,ittern  ulii,!,  yets]i.,t.  It  i-.  tlKrel..re.  interest- 
1111^  to  kiu.w  tliat  ni...l.  m  .ixiiam..-^  .  i)e  obtaineil  which  give  an  excess 
nip.r.itiire  <.t  n.,t  m..i,-  than  50  F.  after  a  six-hours'  ran  at  full  load 
with.mt  the  machines  beiui,-  made  ex.e-n.lv  hw^v  t..r  tii.n  i.ite.l  pouei. 

With  tramway  generators  and  lar^e  inaelmies  i,  r  centiaJ  vtaiion  work 
It  IS  well  also  to  test  the  iunperature  effect  of  a  considerable  overload— 


Hkat  TesTS 


»5J 


X   -  r^r   ,  ,.t     tor  a  -^li'Tt  Pfri.Hl  of  time,  and  machine*  ate 

"  ?:,r;;r.™r.i;  ,  ^ ... 

has  a  "       n.rn.M.  .l  until  it  ab^-'il--  all  tiu-  ix.w.  i  ,1.  v.  luj...!  l.>  a 


M.  i  .r. 


...  ,  .       ,.,  ni  1,  '^ir.    Ai  ll.c  .-...l -I  tiro  Hi.' 



 -  »'"-"•■>"'"'  "i,7";'-,;::'v 

with  larsc  marlnnes  tl>.  a,ti,.nM,^  m.  j  ,, 
to  ,no.v  tlnn  ome  in  .Ik-  pnvo.n,   „„ 

t..ts  .U..r,l,ol  ah..y.  ..  Ino,,,,.^  ,  ;  :";„;", ,hx>  kilowatts 
uHiuircd  to  run  su.  h  a  ma.  Inn.  -  i 

.,n  full  loa.l  or  on  an  uvcrloa.l  l-r  a  Ion.  P'-'"'  1  . 

which  promises  to  >^ive  reasonably  accurate  result.  vN.thout 
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a-t,.  of  costly  cur^'v  ,s  therefuiv  worthv  of  careful  consideration,  ,.„,t 
luou.  than  one  such  mctho.l  has  1hv„  i„,l„  at..,i  i„  ,!,..  preceding  nau..> 
As  cxpla,n..,l  ahov.,  and  for  th.  rca>o„,  ,iv.n.  the  r.sc  of  t^;.  n-rature 
f  •'  "  "  '"■>•  ";"l>7-t  ,>  rapid  a,  hrst.  and  then  slower  and  slower  unti! 
l.ahuue  referred  to      attauied.    Provided  the  conditions  of  the 
re.na,,,  nnchanged.  the  time-temperature  curve  follows  a  perfectlv  detuutc 
and  well-known  law  given  l.v  the  cpiation 

•«    -o  (I  -  f  ") 

where  tf  ,s  the  e.^ess  temperature  at  the  time  /.  O  is  the  final  exre>s  tern- 
■rature.  a  a  aK-thcent  to  be  determine.!  hy  experiment,  and  ,  (  =  .^-i8j) 
the  base  of  the  Napierian  lof;aritiims.  '  < 

In  I'lii  I>i.  S.  1>.  Tho,np~on  s.,,:;e^t..d  that  tiiis  curve  could  be  plotted, 
or  the  coeiiK.ent  a  ascertained  without  continuing  the  exi.erinu  nt  lone; 

 X   a   V  enoil,L;h  for  the 

/  /  ^       ,      ^  I    final  excess 

/   '  •    temperature  O 

to  be  attained 

lAcn  .l]ip!,Ai- 

mately,  and 
he  indicated  in 
Fifr.  871.  how 
this  couiii  lie 
d  o  n  e.  ']■  h  e 
curve  o  p  Q  is 
thecurvei:i\on 

I'V  tlir  aln.w 

tlu.initU.,p..of,h,..urvca^.hown.,v,l,..,,,:..  ,„  ,n.  o  .  ol 

yah..o  tla.  oietuccnt ,-,  win.  h,  as  a  matteroi  fact.  i>  numericaKv  c, 
h-  product  of  the  hna!  temperature  multiplied  bv  the  tancent  of  th.  a,. 
o„  as  expressed  ,n  terms  of  the  .  „lc  ,„:„.  ,,..,1.   r,,,,,,,.  ,, 
^'•^  "f  'I-  .-'.rve  at  anv  poi.t.  Dr,  I  ,,o„,p..„  p,„„„.i  ,„„      ,  , 

;     "';V'7'';'' is  half  the  slope'a  o 

mnud  the  hnal  excess  temperature  ()  will  be  known,  „n,l  u  „  ol,v.ous 
ha  O  H  , s  a  v,.n  nnM,  .,:  ,;!,  ,.  nn„  .  ,.,■„,...,..,,„  , 

::vm,:;it,r,,;,:^  ""■  "  ''--'-^^^  - 

n.r:;^:;::r;j;:^   

f  ,,         ,        ,  ,,      .  '  wiiKli  till-  -lope  has  one-quarter 

'  >  -  ^1.4    M  .,,  th..  ,„,|,„.,„.  1,  J  will  he  threc-piarters  ^f  th. 

"■"i'.ae.  ll„.  two  tunc  mterval,  u  H  and  h  j  should  also  be  euu  il 
Which  gives  another  graphical  check.  ^  ' 
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More  recently  the  value  of  l>r.  Thompxm's  ^ul^Ke•.tioll  h.i-  Km  tested 
hv  various  expc-  n.-ntor-,  ami  in  na;,  Mr.  \V.  U.  (  .".j>.  i  |iiil>li>lR-.l  a  pajn-r 
on  the  subjert  entitlt.l,  "  SIm.h  Hc.it  l\-t-  .m  Klo  tn  .il  M,i.  liiiu-."*  In 
addition  to  l>r.  Tliomp-cm  -  iiilr-  for  detenninini;  tlu'  tin  il  ti  nii><  i.itiire 
Ircmi  an  examination  of  tlic  early  parts  of  the  l  urve,  Mr.  (  oopt  r  givt> 
itlur  rules  derived  by  easy  mathematii  al  procesM-s  from  tiie  fundamental 
I'llii.ition. 

In  an  actual  machine  under  load  llif  l  undition-  arc  not  qnitf  >o  >uniilc 
as  those  on  which  the  fundamental  equation  is  based.    The  pnnluction 

1 4  lir.it  iu-i. li- 
the in.K  hint'  is 
localised  in 
several  sec- 
tion^, and  the 
Id  n  il  u  r  t  i  II  i,' 
paths  by  whii  h 
this  heat 
real  lies  tin- 
hnal  ratliatin^' 
surfaces  are 
very  various. 
The  formula 
t.ikr^  airiuint 
of  the  com- 
plications 
tliu>  intrn 
(hu  i-'d.and  Mr. 
CiKipL-r  found 
that    at  the 

earlier  part  t)f  the  curve  tla-  lo^aritliniii   torm  w.i-  not  >trii  tly  foUowe.l. 

Consequently  the  quantity      i>  more   accurately  obtainable  from  tlu- 

cooling  curve,  which  follows  the  same  logarithmic  law.  than  troni  tlu'  lu  at- 

ing  curve.    This  cpiantity  i.  whi' li.  it  known,  Uxes  the  lurvi-.  i-.  on  rt  t.  r- 

en.r  to  tlu   -qnation.  obvio.:-l\  .1  lini.-.  and  \\<    pi-j       •  '••  •« 

"  tliirnial  time  constant."  It  r-  that  www  in  whuli  tlu  ..i.lniatc  oi  tin- 
luMtin-;  curve,  if  the  c  urve  be  strirtlv  logarithmic  in  >1m).*.  \M  ri-c  to 
(,;  i„.r  (cnt.  ot  the  iP.ul  Value  ..1  tl,.  ,  \^  ,  ~~  temperature  Mi'!  the 
time  diirin.u  whitli.  >lartin.:  Ir..m  anv  Mr.liiiaie  ..ii  the  .oIiml:  ,,a\:  a 
subseipient  ordinate  sink-  to  \-  (loo  -  t..;i  per  cent,  of  ,lii-  -t.irtinu  value. 
The  hcaiinu  and  colin.:  Mirve-  |..r  .<  ^-kiL.watt  .  ..Titiiuii'Us-,  urivnt 
•  y::.  a..-,      \^.!         .       e.:j.      im  .1  lue,,  mm- 
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machine  exiierimentcd  on  by  Mr.  Cooper  are  fjiven  in  Fig.  877.    The  ob- 
served points  are  marked  by  crosses,  and  the  position  of  the  logarithmic 
curve  '-'•arest  to  the  heating  curve  is  denoted  by  points  marked  •  Tlie 
m<--       .liable  value  of  the  time  t<inst,i     was  found  to  be  a  little  over 
■e  minutes ;  its  jiosition  is  indicated  by  a  thickened  vertical  line, 
le  deduced  for  the  final  temperature.  8-8,  is  indicated  by  a  thickened 
al  line,  and  the  jiroductioiis  of  the  tangents  drawn  at  the  ends 
of  the  ordinates  10.  jo,  .50.  etc.,  art-  shown  in  the  upper  part  of  the  diagram. 
.\.  B  and  c  are  lines  parallel  to  similar  tangents  on  the  cooling  curve.  The 
subject  would  appear  to  be  worthy  of  further  experimental  examination. 

Direct  Measurement  of  Heat  Loss.— It  is  obvious  that  if  the  heat 

gcnciaird  .1-;  a  r.-ult  of  tlie  varioii-  Io-m  -  which  cau-c  the  inefficiency 
of  the  .machine  can  he  dinrtly  measured,  ti>gether  with  cither  X\\q  output 
or  the  input,  the  etiiciency  of  the  machine  can  be  ascertained.  The 
direct  measurement  cpiantities  nf  lieat  is  not  easy,  but  the  above  problem 
has  been  recently  attacked  succe-sfull\  by  Drs.  Barclay  and  S.  P.  Smith 
for  till'  .  .i-e  111  turbo-.ilti  inatMis  imivided  with  forced  ventil.iti. >n. 
Mea>un  inent  of  the  (juautity  of  cooling  air  pas>ing  per  unit  time  through 
the  machine,  and  its  rise  of  temperature,  gives  the  data  for  calculating 
tlie  rate  at  w  hich  lie.it  ,  -u  r  v  is  l)ring  c.iriied  off  l>v  the  air  -tieam  ;  .w.A 
whdi  the  steady  temp.Tatiire  <tate  lias  been  i.|)taineil  fur  a  particul.ir 
load,  this  will  also  give  the  rate  ..f  production  of  heat  within  the  machine, 
proper  corrections  being  made  for  lo>s  of  heat  bv  direct  rad.  ti.iii. 

.\  similar  method  was  u-ed  some  vears  ago,  tmder  more  difficult 
coiiilition-,  In-  l'r..f.  Threhall  t,.r  1111,  Inn. not  provided  with  ventilating 
arrangements  and,  therefore,  mnfc  diliicult  to  experiment  upon. 

Self-rejpulation. — .\not!ier  important  test  for  the  purchaser  of  macliines 
which  are  snppn-ed  tu  l.e  -ell-re-ulatiii,'  i-  the  limits  between  wliich  the 
selt-remilafion  act<.  l-.^r  iii-iance.  i(  tlie  icicliiiie  i-  a  dynamo  compound 
woiiiul  f.ir  coii-tai!t  iMi.  ,!i  a  ni'iiii.il  -iced,  its  characteristic  curve  should 
be  obtailieil  at  lliat  ^peed,  aiul  will  sIk.w  tiie  etficieiicv  of  the  reL,'nl,it ion. 
But  in  additirm  the  effect  of  -udden  changes  <if  load,  botli  uj)  and  down, 
sli'.nM  be  Irir.l.  Siicli  c!iaiii;e-  n|  1,m,1  will  jirobahly  try  the  efficiency  of 
llie  governor  of  il]>  eii:.,ine  iiKJie  than  the  .-elf-rei,ulating  power  of  the  dynamo, 
but  they  should  be  made  iievertliele<s.  In  t!ie  ca^^e  of  a  motor  stipjxiMd' 
to  be  self-regulatii--  I.t  c.-ii-tant  ~].e.,l  at  all  lo.nN,  the  ,  liect  of  changes 
of  load  can  be  more  h .i;itimately  tiled.  W  illi  |)olypliase  and  synchronous 
motors  the  <peed  mea-uring  arrangements  will  often  have  to  be  very  sensi- 
tive to  iletect  the  changes. 


CHAPTER  VIl 

STATIC  TRANSFORMERS 

The  importance  of  the  f,u  t  tlut  u  i-  ,...>Mblo  t-  tr.u,.f<.rn,  >  '  '--"^^'""y 
dectricrpoNver  of  any  kind  wind,  is  -f  value  m  ^snrk  > ,  o 

nV  ther'i^in.l  <,f  decJrical  povv.r  .nit.ble  f,.r  practical  enR.n.-.-r.ng  appl  - 
,  ation.  In.n  rd.rn.l  tu  fvq.untlv  in  Th-  prece<hn|.  pa,u.>.  It  ^ 
tl  act.  as  po.ntca  ..at  ,n  (  i...pter  XV.  X-l.  L.  w1.k1.  makes  d.  - 
sit  n,s  filr  the  transmission  ..f  power  n.a.l.  n>ore  A^-N.-  w  u  n  !■ .  . 
,U,t.nr...  ,,.v  inv,.lve.l  than  anv  other  system  ui  tlu-.r  adaptatuM,  ...  tlu 
widd  •  Varvn,  needs  of  n.ankn.l,  whether  industrial  or  other.    The  a,  „.d 

^  ;irn,ati.>ns  from  one  kn.,1  ,.,  .1         al  ^ 

,nade  with  onlv  a  small  pereent.,,,e  l..>s  of  the  .uw,  ' 
vlurev.  r  lar.e  .,uanlities  of  power  are  handled,  and  tl>us   l-  ,,1!.,..  n  .ul- 
i     ,  ;.nt     clt  whuh  >unl  tl„o„,l,  and  .ontn-ls  suca.s>ful  enKnuermg 
::;rk  can  be  .at.factonlv  dealt  wUh.    NV>„,  .nail  -l-^"-; 
to  the  minute  amounts  deak  w.tli  m  telenlH.nv  an.l  1. 1.  u. a,.M  ,  i in  >  .--t 
V  .      Un.v.v  Mnk~  int.,  n.M^mtuanee,  and  .i"esl.un>  -.1  .  onvenu.„,v  n> 
,  '  V,"  „,.  „.„anumnt.    Hut  whether  ,t  he  the  handing  o 


over.,11  etfuienev  ar,-  p.nanumnt.    Hut  whether  U  m-  ,ne  uu.ummk 
Zvolerll  a  larue  wifali.  -nd.  a-  N.a.ara.  ..v  nunute  energy  of 

,  .^'^  v  e  flexdnlitv  and  rea.ly  adaptation  o,  na  ,u,.  to  ends  are  the 
It-Iandtng  diara-  -ristics  of  electrical  methods  of  transformat.on  of 
power  and  energy. 

1— CLASSIFICATION  Ol-   IHANSI  i 'KMl  KS 

Kn  es.nunation  ..f  the  various  types  of  tnn.donn.T.  av.ul.d.l,  and 
wuldv  u>e,l  in  en^ineenns  work,  as  snmmarise.l  m  \ol.  '   '  1'- 

*ows  that  for  eonvenien  1  tn..tn,.  nt  tl„N  -nay  he  du  de.l  mtc 

Tclas^s,  according  as  to  .hetlu  .  th.  y  i-  .v,.  or  have  not  tuovm. 
:     n  addition  there  are  ..ther  tvpes  of  „,,n-...-nun.  aj.pan.t  .  . 
h  ,  "  tern,  tran.tornur  i-  n^t  n^udly  apphed,  In.t  wind.  ~lu.nld  U 
rncludcd  m  a  general  da^.tKatum.  winch  .nay  be  set  out  as  follow...- 
(i.)  Static  transformers, 
(ii.)  Kineti.-  tr.in-f.-rni.  is, 
(iii.)  Secondary  battciie-^, 
(iv.)  Rectifiers. 
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The  "histo.y  "  of  Classes  (i.)  and  (ii.)  and  the  principles  upon  which  they 
arc  based  havf  been  dt\  with  in  Vol.  I.  {ace  pages  433  and  628  ct  seq.) ;  thia 
chapter  is  devoted  to  Class  (i.)  only. 

St:itii  traii-fcrnit  rs.  as  already  (  xpl  lined  fully  in  tlic  i)rf(  edinf;  volume 
(/of.  cU.)  are  >inii>ly  l  araday  induction  loils,  in  which,  since  the  primary 
is  supplied  with  an  alternate  current,  no  break  circuit  arrangement  i* 
requiri.l  a-  in  the  eariy  designs  of  Baclilii)ffner,  Rtdnnkorff.  a-id  others. 
The  i.rini  iples.  first  discovered  by  Faraday,  have  l)een  emjjloye.l  in  an 
aImo>t  intiniti'  variety  of  way-,  hut  in  this  section  we  are  concerned 
with  those  applications  of  it  wiiich  handle  engineering  quantities  of  power. 
The  smaller  api)aratus,  designed  on  the  same  principles  and  developed 
for  sp(>.  i.ii  purposes,  will  be  more  appropriately  described  in  connection 
with  those  piir{)o>es. 

As  tiie  principles  involved  have  been  already  e.xplainetl  and  historical 
examples  of  their  application  fully  described,  we  follow  the  plan  already 
adopted  for  alternators  and  motors  by  conunencin:;.  after  a  jireparatory 
cl  -itii  ati(.n.  with  a  dr-rriiUion  of  a  few  mo<lern  example-,  durin;;  which 
some  of  the  more  purely  tc  hnical  points  are  referred  to.  In  subse- 
quent se(  tions  other  points  of  technical  and  theoretical  interest  are 
considered  so  far  as  the  space  available  permits. 

II.— I  I.ASSIFIC.\TION  01    sr.XriC  TRANSFORMERS 

Thougli  the  conditions  are  much  simpler  than  tlu  v  are  f..r  .iltdiiaiur- 
and  motors,  it  is  found  that  a  simple  and  exh.uistive  cla-silication  is  attain 
not  po-ihle.  an.'  that  any  i)arti.  ular  cla>-itication  niu-t  dejjend  on^he 
point  of  view,  whether  of  design  or  utilisation,  deemed  most  inqxyrtant  for 
the  si)ecial  purpose  for  which  the  classification  is  required.  The  following 
are  therefore  more  or  less  ero-s  cl.i— ilirath  n-  :  ^ 

Magnetic  Circuit.  I'rom  the  pi>int  ..1  view  of  the  designer  this  is 
prol),,l.|y  tlie  most  imi.ortant  basis  of  classification.  In  the  early  days  of 
♦lieir  developnient  transformers  were  quite  conveniertly  das.-iiied  niagneiic 
u.Iy  into  •'  ojien-circuit  "  and  "  closed-circuit  "  transformers,  and  tlii-  method 
of  cl,,-Hii,  ,,nun  til.  r,  fun  a.jopted  and  fully  explained  and  illustrated 
in  \ol.  1  (paj^e-  .(50  to  44J).  E.xcept,  however,  in  very  special  circum- 
stanres.  and  eliicHy  for  the  reasons  .-.ready  given,  the  first  type  has 
ceased  to  be  used  in  engine  rinu  work,  and  ni.uleni  traii-foiniers  are  prac 
tically  all  of  the  '•  dosed  ein  nit  '  tyi>e.  Within  this  type  there  are  two 
main  divisions,  namely  : 

(i.)  Shell  type, 
(ii.)  Core  type. 

Ill  ilie  llr-t  of  tlie-e.  i!lu-tiMted  diagrammatieallv  in  Vv^.  the  iron 

lonn-  .1   ••  shell  "   round   the  copper  windings,"  and  the  examples  of 
closed-circuit  transformers   described    in  \ol.  I.  %vcre  of    thi^  type 


ClASSlFICATIOS  OF  STATIC  7A•.^.V.s7  .  A '.'   A  S 

Fv  .,.t  for  the  ends      tl.r  uin.lin^-  (^.v  Vic  4"i.         '  'J". 
A  H'  E 


in  the 


B 


G  '  ^ 

Kig  ?78.-S«ction  of  »  ••Shell  -  ■Irau.lo.m.r. 

iron.    The  n^a^n.!,.   crcuit  consist,  of  two  paths  in  parallel,  as  .ho.a 
t.v  the  dottftl  lines,  the 
ciitral  oire  beini;  lom- 
mcm  to  I'lith  jKitlw. 

In  the  second  ur 
"  core "  tvpe  the  po-^i- 
ti,,ns  <it  iron  and  copper 

are  revei>c.l.  the  cnpi^  i 

now  enclosing  tlie  iron,  a- 

.Upicted  in  Fif^  ^^70.  i-"^" 

C'l  t  for  ilie  end  p.iths  ot 

the  latter.     There   is  a 

single  masinetic  circnit,  as 

>ho-.vn  bv  the  dotted  line. 

and        cnrrent  carryi'  '.^ 

cuils  i;  N   and  n'  h  are 

magnetically  in  series  on 

the  two  iron  cores. 

The  hr^t  of  the-^e  types 

is  usually  adopted  (or  l.irge 
outputs  and  high  voltages, 
and  has  the  advantage 


Fig.  S79.-S.ciwn  ol  .  "Con"  IWw-nw- 
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tli;tt  tlic  iiicm  i):itli  iif  t|ie  flux  for  a  siveii  ratini,'  liciiiR  li-ss  there  i>  a 
^lii;llt  -.iviiiK  ill  iic.ii.  Tlio  "  i  ore  "  type  has  the  advantaRes  of  simplicity 
of  1  oii^truetion  and  case  of  embliiig,  and  with  the  windings  shown  in 
rig.  1S7Q  is  more  easily  insulated. 

Electric  Circuits.— An  -nspection  of  Fi,t,'s.  878  and  879  will  show  that 
it      |ni"ibli-  to  ariMiiL;i-  the  \> Midiii,:^^  relatively  to  one  another  in  two 
different  ways,  wliich  may  be  referred  to  as  : 
(i.)  Sandwich  windings, 
(ii.)  roncciitrir  wiii<liii;^~. 
Tile  tir.-t  tvpe  is  mori'  fully  developed  in  l-'ij,'s.  SSo  and  SSi.  which  deai 
with  more  modern  arrangements  and  far  larger  transformers  than  Fig.  878. 
In  these  diagrams  the  i«)sition  of  the  iron  is  indicated,  only  witliout  the 


'///// 
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Examples  of  Sandwich  Windings, 


t-'ig. 


comiiii'tr  I  iri  iiit  bciri,'  drawn,  and  only  one  section  of  each  coil  i<  f,'iven. 
The  (  oil-  arc  alternativ<  l\  low-  and  high-vultage  ♦  coils,  the  total  cross- 
sei  tion  ot  .  ,;c  li  (lass  of  windings  being  approximately  the  same.  In  Fig. 
880  the  number  of  cdil  ,,t  e,,i  li  kind  is  the  same,  but  in  I'if;.  8Si  the  top  and 
bottom  coiK  are  b.  ih  io\v.voltaf,'e  roils  of  lialf  the  cros^-sel■tiou  of  the 
other  coil-  "  saudwit  hed  "  between  tliem.  In  concentric  winding  it  is 
also  p,,— ibic  to  split  tiie  two  windings  in  tlm  same  way.    For  instance,  in 


ihc  "  fiigh- 


*  bi  ilii  '•'I  'wiiij;  |:aJ4t•^  the  fiiuT  win  liin;  ni:\nv  turn^  will  l.r  ti-lirieil  i' 
Vulta-e"  wi:,,iiiiy,  tlic  c  > mi -cr  wiii.li),- '  .il  lurter  luri,>  u  ill  \k-  .■•ilU.l  iIk  "  low-voltaj;;- 
\.indiii„'.  1  liL'  terms  at  |)n-^i-iil  in  (Mtiiiiiuii  u-c  — iiaiiiclv.  '•  liij;!!  Ii  h^iuii  "  an.i  "  Imv  lcii«ian  "  — 
are  clisiinctly  oliitvtionablc.  as  the  word  '•tension  "  lias  CDimutali.  .11,  whicli  .ire  iiuitc  iiiaj.iilic- 
alile.  I'or  sliriiiar.  though  not  mi  .stronp,  reasons  the  word  "i>rexMire  '  used  in  \ul,  I. 
ha^  Keen  diM-.inled.  As  Iranslonners  m.iy  l>e  u-^  1  either  as  "step-up"  <ir  "itep-down" 
trails!,, tnu  rs  operatini;  on  the  volla-e,  the  term-  "  |.riin.ir_\  "  and  "secondary,"  frc|Uently 
empl.iyed  in  connection  with  induction  coils  for  the  hiyh-  and  luw-voltage  coils  respectively. 
cea»e  to  liave  a  di.stinetive  meaning  in  general  descriptions. 


Classificatiok  Of  Sr.iTir  /■/t.^.v^/.-a-v" 


S^5 


I  thu  splitiiiv  tho  I..w-v..ltage  windings  is  that  tlir  in.iiu  .u. 

;';,! ;:;?:!!";;:,!.  on..  anu„u.ns improved. «r.  to  put  u the  u>uai  .a>. 

the  ••  leakage  •  i>  .liiuil>y.c.l.  J      i  ,i 

The  duef  n..netie  ^.here.u-e  beU..u      ;         ^^<;  >  "  ^. 

. "  r;;..^ '   ^^^h  ..t  .o..voua,e 

concentric  winilinns  may  he  a-  low  a- 
J  3  per  nnt.    With  >andwich  wnul- 
in\;s  tin-  leakage  varies  ahimst  inversely 
as  tlie  amount  ol  -iilxlivisioii,  ami  it 
is  one  oi  the  advaiita.L;.-  ot  the  tvpe 
that  almost  any  <lesireil  leakai;r  In.n: 
I  S  to       pel  (cnt.  <  an  he  obtained, 
ureal  Uakai;e    i-   u-.  tul  where  the 
transh)rmer  i>  iiipiind  to  a.  t  wn 
<.nh  as  a  transformer,  but  as  a  rea.  t 
;uue  or  chokinp  coil,  as  for  instance, 
in  ^teppin^'  down  a  liii,;li-volta.Uie  cur- 
rent to  feed  rotary  convert-->.    It  i  ■ 
also  advanta.iieous  as  a  safeguard 
;iLiair,>t  the  disastrous  consequence 
ol  a>liort  ein  uit  in  larye  transformer-, 
inasmuch  a-  it  limit,  the  >hoi  t-cin  uit 
euireiu.  and  with  it  the  dani;erou- 
me.lMni.al    stresses  on  the  trans- 

lormer    >  oiN,    to    whi.  li    alln-ion   i.        j;.,  ^r«,auti  0,«n-tyi«  T'^-'f"™"- 

"■■"'i:u:":;i::;  -..-^^f      1  'i.,; 

v„ita8.  wi„i„« ....  ,    "v  i"  «...  •■'........■.i 

=i.rr;>;^  c;:;:^rr  ^'1..:^^ ...  -  — 
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wiiiiliiii,'  if  reasonable 
limits  of  volume  are 
to  1h>  attained.  Tho 

s.mie  cnllilitiuii-;  \\Jii(  ii 
j;i\i'  ri-e  to  the  \',\\\  r 
spiH  (■  l.n  tnr  .il-.i  in.ik.' 
l  )r  lower  thermal  eon- 
durtivity.  henrc  the 
iiiipi irt.iiK  r  "{  ]irii\i,!. 
iiii,'  all  \>'  is^ihle  l  ooliii;.' 
facilities. 

Coolingr.-  A  tliinl 
method  of  (I.i^-ifxin- 
static  traii-fi inner-;  is 
based  iij)on  the  pro- 
vision made  for  keep- 
iiiH  dow  n  the  tempera- 
ture nt  the  tran>lnrnier 
when  wnrkin;?  under 
load.  1  he  question  of 
the  noeessity  for  effi- 
cient e.H.hML;  is  tlealt 
with  more  fully  else- 
where, and  it  need 
on!\-  he  ren^  ked  !iere 
that  all  ,ae  eiieri;v 
lost  in  transformation 
appears  in  the  form 
of  heat,  which  must 
he  ilissipated  if  tlie 
transformer  is  not  to 
become  dangerously 
liot.  These  considerations  lead  to  the  following  additional  classification, 
according  as  the  transformer  is  - 

(i.)  Air-ci.i.lc.l  l)v  onlinary  radiation, 
(iv)  Open  type. 

(h)  Semi-enclosed  tvpe. 

(i)  T<it,illy  i-ncliisiil  tvpe. 

(ii.)  Oil-ininitr-rd  (ordinary  radiation), 
(iii.)  ()il-inimir>e(l  a.nd  water-cooled, 
(iv.)  Cooled  by  air-blast. 
Class  (i.)  includes  all  transformers  in  which  there  are  no  special  cool- 
ing  facilities  provided,  except  such  moditications  of  the  details  of  the 


iSj.— hcrraiui  .Semi-entl.wed  iransranner. 
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,1.  >ign  .T^  will  iHoiiiiit.-  iinliii  irv  r.uli.itioii  ,iinl  tin-  <  tin(huti«>n  <>(  the  luMt 
j4fiifral»Ml  ti.  tlir  r.i.ii.itin-  -imI.m.-.  Ilii-  .li-  .livi'le-  inf"  tin-  tlire- 
t\  lH->  >|H'i  ilU'il  1  iTiliiii;' 1.1  till'  .iiiioimt  ..t  111.  l.  ini'  il  )m  .  .1  .■  !  i.  .11  m-' -i- 
tatfd  by  the  >ih'i  i.il  1  .milititdi^  iiiuli  r  \\lii«  li  ilu  ti .ui-im in.  r  1^  \'<  "-'''I- 
The  three  tvp.  s  :ire  illu-^trate,!  in  Fit;-.  S-^i  to  XS\.  whi.  h  ,ir.-  .■\t.  iii.il 
vnAV>  of  (itliMwi--  lUMilv  ^iiiiil.Li  l-i  rr.iiiti  ti.m-f<'im''i-.  I'ii-'.  I'rpre- 
^nits  tlif  "oprii  ■  X\\»-  U>r  iiM  wh.  n>  iv"  -jx  iLil  in.  •  li.mi.  ,il  iimti  -  tioii  is 
n<iuired;   this  t\j)e, 

»\  liii  li  w;is  at  one  time 
.|iMl.-  t;iiuT;il,  i><  now 
lilolli  use. I  J  U'.  ^>  ; 
shows  the  "  Stiiii  -  en- 
closed "  type  in  which 

til.'  triiiisforin.  r  i-  pi" 

t.  t  t.  d  llti'ii   iiKi'liaiii.  .il 

injury  by  being  un- 
rounded by  an  expande.l 

iron  case  through  the 

nu-^lieN  of  wliitli  tlu  air 

tun   circulate    freely  t" 

carry  off  the  heat  fnnii 

tiic    tranvfurnKT.  Tli. 

terminals  at  the  t.>p  at.' 

more   s  u  bs  t  a  n  t  iall\ 

covered  in,  and  the  It  a.l- 

are  brought  out  looseh 

through  bushiii!^-^  sli.iwii 

near  the  top.    I-'ig.  S84 

shows  the  "  totally  -  en- 
dosed  "  tvpe  in  which 

till'    traii-.li)niifr   is   t  n- 

(  l.ist  d  in  a  case  wiii.  ii 

is    absolutelv   oil-  and 

water-tight,  and  also  weathcr-pr.«if.    It  is  to  Ix-  used  when  the  trans- 

t.„„u-r  lu^  t..  I»  pla.  ,  .l  in  .lamp  ..r  ,  xp.-.-.l  Mtuations ;  and  the  en- 
closing vess.l  IS  m  in.Kkru  ti an-luini,  i>-  nsuallv  tille.l  with  oil.  m  which 

case  the  transformer  will  fall  int..  I  l.i'-s  (11 

The  oth.  r  tlinc  <la-.s  will  !).•  siKciUcally  dealt  with  in  subsequeul 

sectiuiis  in  conih  i  liiiu  witli  ]i.ii  ti.  nlar  ir  ■nstcrmcrs. 

III.  —  MU'  lUN   slAllL  rKANSl.jKMKKS^ 

FoUowing  the  plan  adopted  in  dealing  with  modem  alt.  iiuit. .rs.  tins 
secUon  will  be  devoted  to  a  lew  illustrations  of  modern  slain,  uanbfonuus 
107 


rig.  884.— FetraatI  Totallyenclosed  Tr»n»fona«r. 
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as  a  preliminary  t<i  tlu-  rmiM-l.  t,tti<>n  of  details,  |.r,i.  ii.  il  iiul  tliron  tical. 
will,  h  will  I'f  tiiki-n  «|>  in  miI.m  .hu  iu  Mitions.  1  ur  tins  imriK»sc  the 
l.i-l  .l.i-.Mlu.m..n  set  forth  in  the  preie.liiin  section  willlM-  the  most  con- 
Vi'uient,  tlionuli  noi  ex.  lii-ivilv 

The  seltTtion  of  ex.«ni>li>  to  illii~ti.ite  modem  .dt<  rii.iti'  i  iirrent  or 
static  transformers  is  attemled  with  as  ^reat  a  ditiK  "Itv  as  in  the  case* 
III  l;,  nriMtoi^  and  iiiotoi-,  b. ,  .him'  of  the  lar^;e  numlxT  of  excellent  trans- 
formers  availul'lr.  We  mu~t  then  lore  rejH  at  what  we  have  said  in  the 
other  cases  that  the  omis>ioii  of  the  prixlnef ion-  of  a  jMiti.  ul.ir  manu 
facturcr  dcK-s  not  imply  that  they  are  in  any  way  inferior  to  the  trans- 


based  upon  Hie  desirability  of  mentioning  as  great  a  variety  as  space 
permits. 

Air-cooled  or  Self-cooled  Transformers.  —  Tliis  type  includes 

all  translormers  in  which  no  special  facilities  are  provided,  except 
in  details  of  design,  for  radiating  the  waste  heat  of  the  transformer 
iind.  I  lo.ul.  I'or  /-I'  .rr  transmission  purposes,  the  transformers  used 
are  eitiier  -iii^lc-i.iiaM-  or  three-pliase.  Single-phase  transformers  in 
sets  of  tlireo  are,  Iiowcmt,  largely  used  on  tliree-pha-e  lines,  and 
may  tlmefore  be  taken  separately  as  a  cla^s  -■  widely  u^d 
tJian  their  name   implies.    In   many  cases   fiu-tiwi    details  of  the 


trnn»fi»mit>r«  inu*tr.»t»tl  in  tl»i-4  s,cti<m  will  1m-  fi.iin<l  in  th«-  >u1>miiii  ^ 

Siiialr-hli.i'ii-  Tr^titsfornurt.  -  .\  <t't  <>(  f.mr  Miiult -j>!i.i-<   ti,in-l"iin- r-* 
..  in.nml.iViuir,!  l.v  M<s-r».  .nvl  I'a.llip-    i-.  -Imwii  m 

l!ir  ti.iii-liiiiiu  fs  li.iVf  111  11  mui'Vi  il  InMii  lln  u  >  .i-< w Im  It  pi"  'f 
lichinil.  in  wimli  tlu-y  imimr^«il  in  inMil.itmu  <  il  "li<ii  in  n- 
III''  c.iMS  arc  .  .in«tnii-tt  il  Willi  cnrniK.itiiins  to  i.uli.ii*'  tlif  w.t^tf  lu.it  m 
.nl.  r  to  k.'.  ji  (li.wn  I'm  t.  ini>.  r,iturc  n(  the  loailnl  tr.tn-fi.rmcr  :  ami  tlto 
clii.'l  fnnrti.m  tln'  oil  i-,  Lv  tin'  .■iniil.iti..-i  t  up  l'\  .•■in.'  ti"ii 
.■iim-nts,  to  tran-L  i  tliis  iuat  to  the  t  asc  as  (iiii.  klv  a-  j«'-il)l.-.  I..i'  ii 
if  the  transit .rnnT-i  shown  has  a  rapatitv  of  400  Av.a.  at  60  jHii.'.l- 
rlic  nniiMK  .III-  I'tMimlit  til  pnm  laiii 
iii>ulatiii~,  tliiii-  liriiii;  t\\i>  li'i  tli 
liiu'li- voltaic  wintliitk'.  '"f  which  in 
this  ca-f  the  voltayr  is  i..imk»  volts, 
, ml  tmir  on  tlif  luW-volt,ip'  windin.i;. 
w  I;!,  li  I  -  \M  nil'  1  ti'l  .1  \  '  'ita^'''  ut  .;..',oo 
v.ilt>.  Tiir  two  <\tra  tiiiiiuials  an- 
tappings  for  spi  cia!  pnrpoMs.  ami  '-ai  h 
iiiri' .'.-I  S  tl.i' i  ii-t  "t  t!n  tl  ,in-l'  '  iii- I  li\- 
(I-5  pir  tent.,  tin-  rii.ii!:;i-  ol  \..|t.ii;'' 
lii  ini,'  5  prr  r»nt.  l  lu'  tran-l.  nii. 
-Iiuwn  art'  "n  i-  "  tian^lornni ami 
tl,.'  si  t  is  a  tlii.<-p!iasf  1,'roup  with  one 
.p.ur.  Tiu-r  transform' 1-  li.ur  Imih 
Imilt  (or  voltages  up  to  ^o,o<»>.  ami  tlif 
-  line  typv  would  hv  \>sid  up  to  .U.w"' 

l  iir  -t.imlanl  siii:,li-piia-r  enrf  trans- 
fi.rim  r  ni  iiuilartUK  d  l>v  .Mr—i  I  '  l  - 
rauti  LiniiU'd,  is  shown  ni  l-i^.  ^^o.  It  is  v.  iy  Muular  to  tlu-  on.-  just 
,K-.  ril)ccl  thoU!,'h  th.  r.'  arc  .lirttTenros  in  details  to  winch  allusion  1-  made 
lairr,  Tlu-  traiwlnrni,  ■  is  mt.  iM- .1  t..  he  supported  in  an  oil-lilU-d  case 
hv  the  aufiU'-irons  siu.wn  at  A  .lad  n. 

'  TlR-sc  transfornu-rs  mav  Ik-  n-Kardcd  as  typical  of  mmli m  , ,  n-t  i  n.  1 1.  .11 
,,t  •■  n.iv  •■  transfurmns  fnr  sini;lo-phasc  working.  Con.  i-ntnr  xMiidm-s  aiv 
v.ry  Kcnwally  adopted,  ami  in  most  cases  the  trans(onn.-.s  are  oil 
insulated  and  air  cooled,  as  in  tin  --  m-tam  es. 

An  example  of  a  sinKle-phase  "  shell  ■  transtornur.  with  it-  >  .i--.  >-  ^'v.  n 
in  l-i"s  8vS7  and  !S,S.S,  which  illustrate  a  standard  type  manul.i.  lun  d  h\  W.- 
liritish  Westinghouse  lllectric  and  Manufacturim;  Company.  1  he  staiid.ir.l 
sizes  in  wlach'lhese  i.an-f..rnHTs  are  ni.ide  ran--  from  75  to  1  .kki  ftv.A.. 
and  they  are  standard  for  voltages  up  to  iJi.wo  volts  at  any  of  the  usual 


Siiiyle-phase  Femnti 
itli'Oit  ill.  lAt.k. 
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Fig  til. 
Standant  Wenlnghouw  Oil 

liiqli  -  voltage  500 
A'V.A.  size  the 
weiglits  are  3,75" 
lb.,  J. 0511  111.  an  1 
2,8ix)  lb.  for  ti  aii--- 
former,  tank,  and 
oil  respectively, 
t;iviii.L,'  a  total 
\veif,'htof.S.iH,.)lh., 
or  about  j  ^  ton>, 
beini»  about  three 
tiiiir-  til.'  weight 
lor  .111  ipi  rra>e  to 
o'^  times  in  the 
output. 

T  h  e    H  (•  r  r  y 

silll,'li'  Jih.l~r  tl  .Ul--- 

former  iniinufai - 
t  u  I  e  (I  b  y  the 
Hii!i-li  I'.liTtrie 
Traii>-!onni  r  Com- 
pany, Limited, 


frequencies.  As 
•  ,m  be  -"en  from 

ll,.'  ti  .  iiiui.il-.  taji- 
plll!.;>  (  .111  be  pid- 

vuled  on  either 
the  hit:li  -  voltafje 
..i  th'-  lo\v-volta.;,'e 
.!(!.■.  In  tin- 
-m.ilU'ht  size.  75 
/,\.  \  ,  tl"-  wi'isiht 
1,1  the  ti..ii-l"nii.i 
1-  about  1. 1 30  11)., 
tliat  of  the  tank 
'  Y)  lb.,  .ind  th.it 
11!  the  oil  <)oo  lb., 
so  that  the  work- 
i  II wei  K  h  t  is 
al)(.iut  _',<|oo  lb., 
or  rather  o\cr  i\ 
tons.    1-or  the 


Pig.  SSj.— Standard  angtf-ptea«  BoTf  TnuufKOier. 
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din.rs  c..n-i.l.-,..l.lv  lu  ,qM"  "  'n.r  from  :xnv  ..f  the  forcRoinc  as  will  l>fi 
evident  bv  an  in-p""""  "I   '  i^'-  '^'^ '■'"^'■»  r'"'t"-'''P''  "'.  " 

^o()./tv  A.  "air-cooled  tr.in-ldnmr.  The  laminat.d  ir.Mi  ^  .  n  pro).  .  tini,' 
radially  outwards  is  the  iron  ..f  the  yoke.  Tlie  <nn«r  wmthnf,-^  au  m 
lu.ri/ontal  roik  loand  tl,.  vrnir.d  i  urtl.-  r  details  are  Kiveu  lat.r 

(.s(V  paf;e  .\Soi.  The  pan  n  ular 
transformer  i^hown  is  mounted 

lolln-,  and  lu-  an  oul]  nt  ol 
^,n>  k\'.\.  .it  30  pericd--.  Its 
\vri-!i!  i-  .dioTit  5  tons  and  its 
o\  t  r-,dl  size  is  45  inches  square 
Ml  plan  and  <>4  inches  high. 
Like  the  tr.m-lninii  IS  tii-t  d.'- 
v.Tlbed  above,  it  can  be  placeil 
in  an  oil  tank  to  facilitate 
ciKilini,'. 

Tile  .diove  -how  f.ii:lv  well 
tl'e  im-rnt  l'.ni:li-h  pi.i.  tice  in 
ordinarysingle-phase  tr.insforiiu  r 
ronstrnction ;    for  comparison 

i  lU.   •'^<|0         '  "  ^ 

pre-ent  -tandaid  tvp''  iTvp<-  Hi 
of  small  transfonr.i  r,  'i;.niMi,H  - 

lured  bv  the  Tieiu  ral   Eh  i  tric 

!  nnipanv  of  Schenectadv,  N.V. 

It  is  not  tntirelv  either  a  -In  11 

i.r  a  core  traiistormer,  sin.  e  tiie 

rcils  are  more  expo-ed  tli.m  in 

the    uMi.d    -h'll  ti.in-tM,-n;M 
1-ig.  ^87),  and  tli.'  ii^'ii  ..t 

the  magnetic  circuit  is  mur  -  ex- 

icM'd   ili.m    ill    a   c"re  traiis- 

l.,inirr        I'ii;.  >t;nid.iid 

-i/.e-  ran,;!'  ti"in  i       i""  ' 

■,'t  <io  jieriods,  with  till'  luf;!i- 

v!ta"e  -ide  wound  for  2,200  or 

.  ,,„,\..U-  .uid  tb.r  low-v..U.me  si.le  for  lio.  120,  220,  or  24..  v,.lt.  .is 

:tandard  voltages.     11.-  ti.nMonner  in  its  case,  l..t  with  the 

removcHl.is  shown  m  M..  >m,  .m  -xteUMl  v.,  w  of  the  ,  „„,pl,t.  ti.in 
™r  bein,  given  in  Mg.  N.2.     The  net  weight  »i  the  t,..n-fonner 
nchuliiig  tl'  '1,  in  whi.  h  each  si.e  is  immersed,  ranges  from  12.,  b.  or 

Ihe  l-k^•^  si^e  to  2,7S5  lb.  !■  r  the  tou-Av.A.  size,  the  weight  of  the 

7Av.A        being  2.4:0  lb.    It  is  intu^.tinu  t.  n«te  that  the  difference 


,.  ■,.  uil  Klfrtrie 


^  St.ni.l.ird 
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between  this  wviiilit  and  llie  weight  of  tlir  75-Av.A.  ti,in>t.irmt  r  previously 
1,'ivii!  is  m  arly  all  aceonnted  for  in  the  Mnaller  quantity  <•{  oil  used. 
\viii';h  i^  S-l'!  ll>.  a-  auaiii-t  im"|  11>.  in  the  i>nAi"U~  casr.  \ 
transform' T  was  also  wonnii  I  'l"  miirli  lii-ht  r  \ clt.i -es,  wln^'i  \\.ii;!L 
somewhat  imreuse  the  wei^'lit. 

Th)\\-p!unc  Trtinsf.'niu-f'-.  A>  alreaily  remarked,  translorniers  for 
threi-phaM-  cnrrents  lutiuently  consist  of  three  single-phase  transformers 
banke<l  totiether  with  their  primires  and  secoiularies  connected  lu 


Fi  •.  ?oi.— C..K.  Ir.u  -r  r.iii  r  ill  rant  with  Cnver  f'i  C        •  K.  ^■...t  lUrd  Tra:is- 


"star"  or  "  nu>h."  or  in  any  other  way  recpiired  by  tlie  exigencies 
of  t!ie    r\  ioi'. 

(Ill  a  r.imil.ri  ot  thnc-|.!i,i-r  1 1  .m.-lurnu-r-  ale,  how  •  \  1  1 ,  -p. .  lU, -illy 
de>is;ued  as  >in,^le  pitcis  of  apparatus  lor  three-phase  wcrk.  llius,  I'ly. 
i<<)_]  sliows  without  its  tank  the  standard  three-phase  core  transformer 
niaiiiii.K  tun  d  \<\  .\h  ~-ts.  |.ihuM.ii  and  Phillip-.  Thi -e  ii au-t. iinui s  are 
niauula.  tiii.  d  111  siandaiil  -i/.cs  Inim  5  to  730  Av.A.,  and  lor  standard 
perioilieitii  >  <>1  ^5.  30  and  (x)  cycles  jxT  second.  The  75-A'V.A. 
at  50  cycles  weighs  i,Ji5  lb.  net,  ur  with  its  tank  i.ibo  lb.  (,'ross,  or  rather 


TiiREyPHASE  Core  Tsaxsformers 
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are  6,(100  in  m«-*h  or  10,000 


K'-s  tlian  one  ton.    IW  hit;h-volt.i-c  limits 

in  star.  1  1  m 

The  '-tandafd  tvpc  of  thrce-piiase  traii-t.-nn'  r  maiuit.i.  tun  ■!  I.v  .m.-m-. 
1  ,  ,,,Luii,  Limited.'is  shown  in  Fii,'.  >>o4.  The  details  of  th.^  tr.uwtorn.  r 
,s,v  pairr.  quv  OiS  an.l  A~.vAx.u-.  whirl,  i.  of  the  most  recent  design,  are 
inllv  described  in  subse.i>u  nt  sect.on.  Ihe  h«ure  shows  the  ^de  «p..n 
which  the  high-voitace  leads  are  brought  out,  and  it  Mill  bo  noticed  that 


i  vf..  i<)i.-i'<\.n-.on  and 


iiiarJ  I  hi.-,  i.hase  Core  Traii>fuinlM. 


on  each  limb  there  are  several  tap,.n..  -  a,  r,.l  t.,  .pee.al  termmal 
arc  d.<5crilMKl  later.    These  Kads  are  kept  .u  p lae.-  l,^•  Wnv,  '  ; 

jK,rcela,n  In.hin.s  in  the  llan^o  of  the  n.Ued  channel  ^  -  ■  ^  . 
part  of  the  clanMun^  (ranu.work.  When  m  tts  od  ve-  he  ^  ; 
oil  rests  above  the  tups  of  the  ternunal- M,owu  .n  tin  ^'^^ '  /^^J^;^"^^^ 
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I'lK-  f^95  slidws  ti.o  st.imiiird  typo  of  transformer  manufactured  by  the 
Brush  Electrical  Engineering  Company.  The  transformer  illustrated  is 
a  ()oo-Av.A.  transformer,  of  which  the  over-all  dimensions  are — length  (jS 
inrliis.  widtli  jS  inches,  and  height  56  inches  over  the  transformer  itself, 
and  07  inchi^  to  the  top  of  the  eyebolts  shown  in  tlie  tigure.  The  verticd 
distance  between  the  top  ot  the  transformer  and  the  terminal  board  is 
thus  proportionately  much  greater  than  in  the  Ferranti  transformer  (Fig. 
8<i4).  the  object  being  to  utilise  a  greater  (piantity  of  oil  for  cooling  pur- 

p(JMS,  a  >\ibject  which  is 
(h  alt  witli  in  a  subsequent 
>ection  {see  pages  915  to 
1)28).  The  terminal  board 
is  Well  supported  above  the 
transformer,  and  the  eye- 
bolts  used  for  lifting  the 
transformer  out  of  its  tank 
are  attached  to  long  vertical 
rods  which  jiass  down  and 
are  securelyattached  by  nuts 
and  lock-nuts  to  the  flanges 
of  t!ie  channel  irons  wliii  li 
claniji  the  iijiper  yoke 
>laniiiiii;;s. 

Tlu'  ( ircuits  of  the  trans- 
former are  connected  to  the 
terminal  board  by  the 
iiiinierous  leads  seen  in  Fif,;. 
Si, 5,  which  shows  the  side 
Mil  whicli  the  l^w-volt,l^'■ 
Icids  are  carried  up,  where, 
Fig.  894  shows  the  lii,<;h- 
voltage  leads  of  the  Fer- 

Fig,  8s)4.-l-«rr»mi  Stand«rd  Three-ptuM.  Tranrformet.  ^^^^^  transformer.  Further 

partii  iihirs  of  thts<-  Ir.ids  and  thi  ir  insulation  ire  tjivcn  in  the  section 
on  th<'  electric  circuits  \scc  pages  S86  to  899).  Tho  voltage  transformation 
is  from  12,000  to  2,750  volts  at  5,0  periods. 

Thi'  tot.il  weight  of  tliir.  ir,m>lormrr  without  tank  aed  oil  is  8,400  lb. 
(over  3^,  ton~i.  ol  which  4.5001b.  is  the  weight  of  the  core  and  1,7001b. 
the  weight  of  the  copper.  The  total  weight  complete  in  its  t.ink  (Fig.  940) 
when  filled  with  oil  and  Ui  working  trim  is  20,500  lb.  (over  ()  tons),  the 
volume  of  the  oil  benig  750  gal>.  and  its  weight  about  6,400  lb.,  or  nearly 
3  tons.  The  efficiency  at  full  load  is  gS  Wj  per  cent.,  the  temperature 
rise  after  a  long  full-load  run  being  40'  C. 


Thses  /'Uase  Core  Tkassf-)Rmers 
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For  mountinR  on  poles  in  overht-ad  transmission  s\'stcn»s,  which  is  on  v 

M,,~~ihle  uith  Mii.ill  t.an-fnniuis  the  thn^-phasc  transformer  is  obviously 
inure  suit.il.lo  ilian  three  siii^'li-pha^e  transformers.   For  this  purpose  the 
British  WestinRhouse 
( '.  imjiany  manufacturi'S 
lu  si/.ts  from  1  to  15 
',v.A.    the  three-phase 
iransfonner  shown  in 
I  is:.  8<)»),  w-ithout  its  oil 
tank,  but  iiuhulint;  the 
tank  lover,  to  winch  are 
a^t  the  supporting  lugs 
;  1  f(  r  mounting  it  on 
1         (ir  a  wall.  The 
1,  atls  are  hmn^lit  out 
at    each    end    of  thv. 
n  iV(T  through  pt)rcelain 
liii-hr<.  the  joint  biin,; 
iMilc  ([inte  wati  rti^^lit. 
1  ill-  i  nd--  of  the  cu\rr 
ixttnd  over  the  endr. 
.  t  the  tank,  and  form 
<•! iwls  jirotii  lin^  thuoiit- 
ytiing  leads  from  rain. 
Tlio  lo-K.A.  size  (50^) 

wciL.'ll'^  7,S"  lb. 
c.  'iui'li-ti'  witli  tank  and 
il.  It  i^  inclu-^  liMif,', 
!4  inches  Iruni  back  to 
tii.nt,  and  26  inches 
li!L;li. 

Another  three-phase 
transformer  designed  for 

iiHT.ntinL;  on  imles  is 
-hnwn  in  I'i.^.  S97. 
These  transformers  are 
(1  bv  the  Govern- 
iiunt    in    the  hydro- 

ekrtric   power  schenie  ^ll^^-^;;;^,^r^^co.r»^. 

at  Lake  Coleridge,  N.Z.  "^^^  . 

The  output  is  2Q-5  Av.a..  or  25  kilowatts  at  0  85  power  factor  at  pcrio.ls. 
The  supply  voltage  is  10.000  volts  and  the  original  specification  was 
for  a  "  mesh-star  "  combinalion  with  the  neutral  bro-  gh'  out  on  the 
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a  \iiUa,i;t"  of  4(K)  volts  to  l>e 
ii^eil  for  jiowcr  purposes  and  230 
volts  from  any  one  phase  to  the 
111  utr.il  tci  111-  w^vA  fcir  li^litint;. 
hvfiitu.illy  til.'  "  stai-zigzai;  " 
combir'ition  was  atlopted  for 
riMSdUS  v;i\'cn  In  liiw  (v('('  [).  04  ;), 
wlifii'  tlic  "  /iu/.iLj  "  Kiniici.tiiMi 
is 

The   liif^h-voltai,'!'    leads  are 
hrouRht   out  tlirouuh  porcelain 

luisllilli;-,     I'Kiti'c  ted      fnitil  the 

weather  at  the  i  nds  of  the  transformer,  two  at  one  end  and  one  at 
the  other.   The  four  low-voltage  leads  are  similarly  brought  out  in  front. 


-Westin^house  Siaudanl  Tll^ee-;^!la^e 
Iraiihfornier  for  i'ule  Sc-i\i(e. 


Thkbe-fhase  Shell  TuA^sFonmf.Ks 
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The  transformer  without  it-  cum'  st.m<!s  jil  iii.  lnuli  t"  \W  toj.  of 
tlir  iii~ul.itoi>.  an.l  1-  -••.in.  I'mv.;  I.v  II  in.  wi.li'  ov.  r  all.  lomi'^'ti'  >"  «-i'>k 
tlic  fxtrcnu'  dinu  n-iun-  arv  44  ni.  hiuli.  1""-'  (i"' I'l'l'ni:  "V*"-- 

hangin?  i-avi'>  at  the  ends),  and  \S\  m,  ,1.-.  p  li..m  Inmt  m  Im.  k  (.11;  n-, 
inrludin.u  the  ovorhanK'inK  eavis).  Ihr  trnii-. ratmv  n^.  .,ll..w.,l  u,,- 
.-xcfptionallv  low:   lu-n.c  tht-  exct-ssiv.-  h.-i;,'ht  of  tin-  tar'  l-v 

tranMunnrr,  tii.'  nl.jr,  t  In^iM-  t-  ii-'  a  liu-  m"  'Ii'''v      <"1-  ^'"''^ 
Miuwii  holds 38 salluns  ol  oil.an,lwhi'ntli.  ti,oi-lMmu  rwast.-tfd  it  <ho\v.'d 
a  rise  of  only  35i'  Centigrade  after  a  loni;  contiinions  full-l..,id  ntn     l  ii. 
NM-i-ht   ol   the  transformer  complete  in  tank  and  in.  hidiuL;  the  oil  is 
ii  ;j4         '         ^-  "'i  tanitidar  .  \  •. 

h(M)ked  straps,  the  top  of  one  of  whi.  Ii  cm 
!>,•  seen  in  Fig.  S<)7,  are  proviiled  for  haiiKin- 
the  transformer  from  the  jxile  cross-arm. 

The  above  tlint-plia'-e  ti  ansh.rniei  -  ai. 
of  the  "core"  type.    In  li-'-  '"^'i^i  tli>>>' 
iUn-trated  a  "shell"  t\pe  tlmr-pliase  tiaii 
t,.inui  a'-  nianufactureil  tor  hirf,'e  ontputs  l>y 
M. ->!>•.  Mriiiens  Brothers  Dynamo  Works, 
Limited.     riii~  p.nticniai  tiaii-toi ni'-r  li.i-  :m 
output  of   0J5   A'V..v..  ai   50  period-. 
Mcond,  the  voltage  ratio  beinf,'  11.000  to  5J' 
v«'lt>.    Tiic-  weight  ot  the  tran-funn.T  wit! 
its  oil  tank  IS  3<)0  tons,  the  weight  .,1 
r<(iuired  being  2-45  tons,  so  th.it  the  tot.il 
w^i^ht  of  the  transfonm  r  ready  for  load  i> 
(,■41  tons,    hurther  references  are  made  to 
thi:-  tr,ui>l"rnu  i  Liter. 

The  Berry  three-pluise  tran>lornu  r  ot  the 
Brinsh  Electric  Transformer  Compniv.  ^Nhieh.  as  wc  explain  .Newh.  iv  i~ 
p,  irtic  lUv  I  -^UvW"  traiiMornier.  is  hmlt  up  very  simply  of  three  Muyle- 
.lii-e  tr.in-lonuer>  i.luv.l  .>nr  ov.  r  the  other,  as  in  Fit,'.  S-T),  f-rmm^'  one 
Ion"  cvhnder  with  the  lea.l.  br.^a-ht  ..nt  to  ,1  t.  uninal  b.-ard  on  th-'  top 
thc"upp.nn..st.    Th.'  luirliculai  irauMonner  illu,tr.it..l  1....  an  ..utpiu  ot 

I  I'T  Av  \    .It  50  p.ri.Kls.  t'o  voltatjes  beinu;  20,ocm)  and  I,.   volt-. 

Without 'its  tank  it  ^^.■.^lis  0,4'"'  H' •  .'nd  with  tank  an.l  ..il  ...niplete 
lO.oou  lb.    At  full  lo.id  the  t.  inp.  i.ilure  ri-e  is  not  to  e.\cee.l  55  t. 

IV.   tin;  MAi.Ni.iu  I  lui  I  n 
The  principles  underlviuf;  th.'  d.  M,i,Mi  of  a  tjood  ma^-netic  circuit  wh.'ro 
economy  of  e.vcitation  is  a  .U'M.l.-i.itum  have  br,,,  lullv  .  xplaii,.  d  ni  th.- 
pr.cedini;  chapters  and  need  not  be  dwelt  upon  m  detail  here,    iu  the 
Italic  transh.rmer  tlic  problems  encountered  are  not  nearly  so  comph- 


fij.  Sv8.-Sknicn»  Tlir«-pl>as« 
"  Shell"  Tranrfonner. 
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citi  il  as  in  tlir  iii.iuiiftir  i  ir(  nit>  of  ceniTators  and  motors,  in  wliich  the 
C(in(iiti()n>  iiitciiioM'  in  the  i  innit  a  iiKm-  or  less  wide  n(>n-ni.ii,'nftic  pap. 
Though  considtTiitions  ot  n  (ini>iiii>  ,il  ron-tiuction  make  it  ini]Hi-.Ml)lo 
to  avoid  a  nnn-mapnctic  break  in  the  magnetic  cirruit  ol  a  jx)\vir  trans- 
former, the  break  is  of  the  nature  of  a  bad  joint  wht)S€'  reluctance  can  be 
rcdiMd  to  a  niiiiiiiuim,  and  not  of  the  nature  of  a  gap  in  the  ordinary 
sense  (if  the  word.   


LdmiHMions.  -  The  iron  is  nea-sarily  laminatt  d  parallrl  to  tlio  flux 
for  the  reasons  j^iven  in  connection  with  the  lamin.itidu  d  th-'  .  i-s 
dynamo  machines  ^MV  page  490,  \'ol.  I.),  and  as  iron  wire>  .a  mlmitely 
thin  iron  plates  are  mechanically  and  commercially  niled  out,  it  only 
n  iii.iins  to  (Uti  rniim'  tin'  <  ronimiii-.d  tliickne-s  of  tlie  iron  -ta  iijiiiiL;-  ,it 
wliich  the  losses  Ironi  eddy  currents  are  counterbalanced  by  atlvantai;es 
in  other  directions.  Practice  places  this  thickness  at  from  14  to  18  mils 
(0'0I4  to  o-oi8  inchl. 

^latcr'nih. — The  properties  of  good  magnetic  imn  and  h)W-caibon 
Steel  have  also  been  dealt  with  in  connection  with  dynamo  design  (s« 
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pap^s  52  to  53i.  Ill  tiaii>lumi.  1  .1,-1:411  \\u-  imn  .m  l  .  .pi-  r  1n'«>.^>  .ire 
in  practice  thv  unW  l.^st-s  whirli  ii-.m!  U-  ..  u-lI.  .ii.l  lii-  ii-ii  lo^^.s 
.liviilc.  a-  (■vpl.iiiif.l  flscwluTi',  into  Im>m'^  ilui'  U>  h\>tiu.-i-  ip.i^c  Ji»5. 

1.)   ana   l.>^>e>   <luf   to   eddy  .urrfnt^  u'-'C   cit.i.      Both  l.—.-s 
expressed  as  lost  ix>wer  arc  proportional  to  the  (puntitv  ot  n..n  u>ed. 


e,ooo  'hooo  6,000  epoo 

Fig.  Soo.-Kncrgy  I,o«»m  of  >i-mil  >1  «■' t<  f.r  Im:.  :e.i  ll;-:  I'.: 


10,000 


ia,ooo 


xvliiKt  tlir  lir-t  aKn  p, , .,„„ t iMn:,l  to  the  jxTiodifity  an>l  to  B  .  It  may 
thiTcloR'  U-  cxpifi-MMl  l)v  tlK-  .  . Illation 

^  A,  /  B"  . 

ulH  re  P.  Stands  for  the  l.N>leivMS  lo-s  n.  watts  per  pouml  ul  thr  uyu 
use.l  /stands  for  the  fre<iuenov  or  poriodicitv.  and  B,  as  usual,  stands  for  the 
flux  density.  The  power  p,  lo^t  in  .  ,1,K  nur,  nt^  is  given  in  the  equation 

p..  =  A-.,  B- /-  

Where  0  is  the  thickness  of  the  iron  and  a  constant.  W^v.  matni,.!- 
available  are  the  same  as  for  the  cores  of  dj-namo  armatures,  namely  gou.i 
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charcoal  iron,  ami  low  .arl.on  st.rl,  xvhul.  l.as  p-.I  nnral-ilitv,  n  low 
In-vtrroM*  ln>^*  and  is  rhi-:>l>.  '^winj;  to  it-^  smnrwliat  I.ikIi  ■'P«"tK- 
,,-1.1  Ml.  . •  Im^  .1  laiL:.'  ..Mv  .  nn.nt  1..-.  .■sivciallv  at  liif;U  iHWuliatus. 
•■  is  tlari  l-'i.'  ..iilv  UM.I.  It  ,it  all.  l..r  traiKlnrmcrs  d.siRn.-d  for  Inw  (r.- 
luenci.'s     Th.H-  ar..  aN.,  Hh^  ,na^i>.H.-  l..vv-carl...ii  alluv^  inanufa.- 

turwl  i)y  Mi^srs.  I.  Sank.  y  and  S..n.  wliirli  an-  ..  l.  ii.  d  t..  at  jui;.-  34 


0-i 
•012 


•oh"  -016 


•C/8" 


■5"-  :    -5^  :^ ±_/6S 

•0£0"  ~  -O^i"     -oh^"  •0^6' 

T/i/ckness  of  Sheets 


•aso'  •osz"  -cm' 


1 


Kii.  icv  I- 


an.l  55.  Tli'-''  liax.'  i;.'.>d  prrmoability  and  low  liystcrosi';  and  eddy- 
current  lu>-.-.  I'Ut  an'  -.niuwhat  exi)on:^!ve. 

A  word  may  be  >a\A  luie  ab.mt  th.-  so-calkd  niai,'iutic  "  ai^n'iL;  '  -t 
iron  and  its  allov^.  It  is  s.mi.'  \ .  ars  since  it  was  disroverod  that  the  n  n 
losses  of  certain' tian-l.. nil.  r>  whi.  Ii  ha.l  b.'en  in  s.Tvi.c  a  few  ycar>  had 
increased  pome  15  p.r  .■-■nt.  .t  ni.Te.  Although  the  eaUM>  of  tins  ,-',.110- 
menon  has  not  been  discovered,  a  remedy  has  1x>en  found  m  r.  p.  ate.llv 
annealing  the  material  at  a  low  temperatv  z  (say  100=  C.)  for  a  fairly  long 
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;  ricl.    All  kin.l-*  ..f  mnun.tir  mat.rial  can  now  W  supi>Ihh1  ami 

'■IMI.mlrr.l  tn  I.,-  Iiv,  till-  .1.  I. .  t. 

in  tran>l...nur  .l.M^n,  m  ...Mui.m  to  tli.  nu^iu  ti«.it.on  ami  p^rmraMttv 
cum-s  alriwlv  Rivfn.  it  is  omv.  nunt  m  li.ivr  .  niv.-  xsln'  li  u'lv 
th.-  iiun  lu^si.^  p.  r  ut.it  ..t  wviKht  i.t  U.f  inat.  ii.,1  muU  i  .litt.i.  nt  .  ..iiu.- 
ti..nv    WV  tlurrfoiv.  iti  l  ii.'.  '.«>'•.  r<pr...luft»  mm-  f..r  "  M.ill.-v.    <m  <• 
..f  Mfssrs.  Satikrv  .n„l  -       n„.-t  um.I  .i1I,,v-.  m  ulii.h  th.  1..,,  m  watl* 
p,r  i^nmcl  (..r  slu.i.  i>  .ml-  tin,  k     rl.^tt,  ,!  ,m.iin-t  t).-  ih.x  '''•"-'tv 
Kach  cum- is  for  a  particular  frv.|u.  n.  v  !.  uhi.l,     -p, ,  ,!i.  ,1  ■    it.  Anotl,. 
„,.  l,.l  .  U.V.-  1-  ..v,n  in  l  >.'.  ...I.  .a  wlml.  tlu-  In..  ...  watts  i...,,,,.! 
„l  lut.r  ..t  the  Saiik.  v  .lUox-  1-  ,.l..ttr,l  a^aitist  th.-  th..k.i.-s  ,.f   h.-  ylat. 
tneasured  in  mil-        ...  ..nihni.  tr. -.     Th.  lo-,  -  a,-  I...  a         '1'  "^'tv  o 
i„,,.,..  liti.s  a...l  a  t.v.p.i'..cv  nt  5"  '  V.  1-.    Th.-  .<"v.-        ..1  -  Ir-tn 
data  -.ipi.lic(l  bv  M.s-rs.  Sank.  v  and  S.Mi. 

lUn  iKn-Uu  s      Hi,-  tl,.N  -h  i.-iti.  s  .uhrf  -l  in  ,..a.  t,.v  .l.  pml  ...a...l> 

up...;  the  iH.n.,d...tv  a.i.l  th.'  .,..tli."l   In,,' ..ni>l..v..!.    (>hv..mslv  a 

l,i«l.  tl.lX  .Icnsitv  leads  to  cam..t..v  m  Uon.  .m.l  pr..du<  a  l.^H.  .  t,an~- 
,,„,„..,  and  t...,n  tin-  p..int  ..f  view  u„ly  th.'  highest  p..-.I.K-  llns  .U-.,M... - 
vvnnl.l  W  ,.-.-.1.  On,,  ha.  t..  r.  m.  ..-.l-.T,  h.-w.  vr.  that  1..l;I.  ll.t  x 'Ici.MtN 
m..a„s  more-  than  i.r..porti.mat-  in  •>  a..  I  •  -Mv  •       iit  h-.;  -  *vv  hquati.m, 

(I)  and  ,  M,  p.  877).        H'-^'  •  ^  "        '      ""'^  '"'  ~'  T 

1,0  dissipated.  Hence  the  m.-re  p.rlect  the  ,neth..d  ..f  .-,..>  u.,.  c„/.r,s 
^„•,7,„.,  ,he  hi.lu  r  inav       the  ilux  d,  ,.-..u  ..     i  l..  "  a,a.n.  the  .nm  1...S 

'var.es  di.-ertlv  as  th.'  p.  rm.h-  Uv ,  a,..l  th.n  l  at  h.w  ,.e>-,..d..-.t.es  less  heat 

Jkis  t..  be  dissipate.1  f-.r  a  U.veu  tlux  .!en-if, .  .  :al  tla  la  J„  .  llnx  ,  .  i.-u - 
,„av  he  .1-ed  if  th..  n,..hn;,'  arratise.iu-nts  n  niaui  luu  han;;.  .1.     1 1.'  -' 


t!i.. 


hit  I 


, pii-idi  rati.'li- 


Imt.  in  addition,  the  value  ot  t!i.-  ...  < 


i.iauiieti-in,'  eiiin  nt  l-.'  iii-h  tlu\  .Im-iti. 
The  lln\  d.n-itu-  now  ii-nallv  nni'lov.d 


-aiv 

,  ,  araiot  he  altoi^eth.T  ..e^lected. 
are  -( t  loi  th  in  TaMe  IX. 


Ta.;l.  lX.-!'K..rK.L  1  .ex  bENMru-  .,.k  TK.v-na.M.Ks  >n  K.LOUNES  ter 
S  .1  AKK  Ckntimktke.* 


I\  ri  xiicity. 


1  Tvp.",  \  ' 
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13  13  5 

13     ••  '42 
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Air-bla-t  Co.a.:a. 

Same  a< 
f..r 

Wilier  faolcd. 


The-e  curves  enabh'  a  .o.„h  -tart  t,.  be  made  with  the  dcM^n  of  a 
transformer  for  which  the  full-load  output  and  etl.ciency  are  g.ven.    I  .  r 

.  For  e -  fi-ur.-  i>.  .Lis  table  th.  A.uhor  .s  mdebt«i  .0  Mr.  W.  C.  Kt.mat,  n.=c..  .^M.I.l-..i:. 
t  Though  the  .U.X  dcn=u.es  a..  .U  san.e.  a  poorer  „aU,ty  o.  iron  may  be  used. 
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iiot.tiKc.  if  the  Iransforimr  i-,  t<>  an  uutpiit  of  S""  *v. A.  and  a  full- 
load  I'rtifww-y  of  f»8-5  per  tent,  at  unity  powir  fartm.  \\v  tut.il  I.—  uill 
1.1'  (if  tli«-  nr.l.  r  nf  ;  51M)  watt-  (V^'.^JO  x  o  oi5i.  it  tlii^  !>.■  tlivKlrd 
Im  Iwv.  ii  th.'  imn  and  tli.'  inpiH-r  in  tli<'  ratio  <>f  to  i,  a  ratio  which 
.i|i|.i..Min,iti  Iv  ul.t.!iii~  ni  111.., I.  Ml  ).i,,.  ti.  c.  It  will  ih.  Ill  tli.it  watt- 
will  l.r  lost  \\\  tiir  ir.in  and  4..V"'  w.itt-  111  tli.'  ...ink  i  lii.'  m  \t  ii.unt  to 
decide  will  Iw  thi'  Ilux  d.  iwitv .  wlm  !i  will  u-iiall\  W  lower  in  the  yoke* 

than  in  tiic  <.i.-;  Imt,  t.iknu  I"'-  ,1  m«t  ,.i>|>io\iination,  B  -  i".-  iti.l 

»  =  iS  iinls,  then  we  tiiid  li.'iii  ill.-  .  ni\.  •  t!;,it  the  l.>-  p.  I  p.'un.l  1-  ..  7.1 
watt  if  stalloy  U-  UM'd.  111  win.  li  f.;-  tl..  \'  ;-ht  ul  i;..ii  mil  ■.s.)o  ll<. 
({,000-^-079).  Tor  the  other  allov--  t  .r  wlmh  p.iiii.  iil.ir-  are  j^iven  in 
the  curves  in  I'ii,'.  o<>'>.  w»i«ht7.  wnv.Id  h,i\.-  to  W  l.--s,  owin;;  to  tl\e 
greater  loss  per  unit  weight.  Hmv  to  d:-p..  .  .1  tlu'  in.»  wli.>!*e  gro»*  wei^'ht 


Fig.  9oa.-M»gnelic  atid  El..,  tri.;  Umi;-  .1  the  ^Av.^^jn  a.xl  I'liillips  Si.....!ara  Tr:.!..futmeM. 


has  thus  been  quite  roughly  aseertuiucd  i-  aii..tli.T  pi..l.leiii,  atul  ..i.i  ti-, 
u])  of  h.T  (pu-lion-  111  the  d.'-i^'ii.  If  on  working  tiu  -e  out  it  i>  loun.l  pu-ibh? 
to  reduce  the  .piaiititv  ."f  ifn  without  raiMng  the  eopper  losses  above 
4,500  watts  til.-  tuli-l.i.i.l  .-111.  1.-11.  \    ..ill  I).'  l:ii;li' 1  tli.-.n  .(.'^  5  P'T  ^ent. 

Magnetic  Circuit  Construction.-  T Ik  ^  lural  pla  -  oi  tiio  iw.* 

chief  methods  upon  which  the  magnetic  circuits  of  many  transfomier-. 
have  lieen  d. -1^:11.  .1  t..r  -..111.-  vr.ir-  li  iv.-  h.  .-u  .1.  -.  lilH-d  .n!  pagt;  S60,  and 

the  chiel  reaMiii-  lor  a.i..ptiii-;  .itl'.-i  tli.-  "en.-"  t\p          the  "shell" 

tyi>e  were  there  briefly  expl  i!!.  i 

In  dealing  with  t'<e  actual  detail:,  of  either  type,  the  doigner  has  to 
keep  continually  in  mind  the  ci>-t  of  mamifartuie.  not  onlv  as  re...'ards 
the  qu.uititv  of  inatell.d  t..  W  U-.  <1.  l.iit  ,il~..  the  Kiboliv  t..  !>.-  e\p.  i:  led 
in  producing  the  l'mi>lied  ira!i>loriii.-r.  The  lo-es  under  no-load  and  l.^a.l 
conditions  a:e  also  of  param.nint  imp>rtanee. 

The  o)^t  ol  piii.1-,1.  uil:  .md  .i-^seinbling  tin-  -li.  .-t  -t  unpings  from  which 
the  core  is  buill  up  has  to  bo  carefully  thought  out.    in  modern  trans- 


MwSfTtC  ClKittTS  Of  TjtAXIfOlt.VfK^- 


fiinnrr*  tlu-^o  stami»i»)ij"'  ar>'  a-  iir.nlv  a-*  |xw,it>lf  rci  t.uiijular  in  «i<^  tion, 
.M  il  wli.  n  till-  li  1. 1  ni'T.'  j.iint--  in  tin-  i  itvuit  than  wtTf  tlt'>ns;lit  |ht- 
iiu-^-ililf  wlu  ii  till-  ti.m''l.irinri-  il(»nil>.il  in  tin-  lii-ti>rii-,tl  -ii  ti.>n  (|',ut<, 
413  to  44-',  Vol.  I.)  wiTf  ili-umM.    ^-ii^  li  .1  ..l.\i.m-l\  t. 

tronomy  of  iron  in  prtKku  11  ^  tlir  --t.iiinaiit;^  Imm  tli>'  imuliIi  -!i>'t.  .imi 
wtii-n,  in  inlilition,  tin-  nunilu  r  of  si/.-s  to  Iw  hmmI  is  roduci-tl  to  .1  ininimusn, 
imthfr  m.iiiul.i' tin  ri,;  ..'iii'  mv  1-  dl.-.  t.- 1 

riir-f  mmi.ll  i.  iii.iik-  ami  oIIk  t  pi.iiit-  will  Iw  l)<>t  umlrr>t  i  from 

I  \  unpli's  of  nrtual 
.  11.  uit-.  l  ii,'.  i|Oj 
-hciws  -onif  of  till' 
details  uf  i  iin--trii(  - 
tion  iidopttd  by 
Mi-ssrs.  Jolinson  and 
l>liillil)S  i^T  lli< 
singU'  -  pliasp  cotf 
tran-^foinu'ri  illiis- 
trat.'d  in  l-i^. 

In  A  the  two  Ciili  ~ 

licm  tlif  lowti 
yoke,  tlif  lamina- 
lidiis  i>f  whicli  arc 
tii,'htiy  rlainpf'd  b«  - 
twfcii  thf  -tiff  anijlf 
iron  plates ;  tin- 
tiuhtminii-iip  btilts 
ilo  not  pa-s  throHf,'li 
the  laminations. 
Itic  upriebt  ron- 
are     built     up  I't 


1 14. 


K  l  l.lllulrs  (][  (llllel  - 

eiit  width  to  seculo 
v.li.it  i>  known  as  a  "  stcpjx'd  "  core,  to  which  further  lelereuee  will  '>e 
ni.ele  pr-sentlv.  i:arh  stampiui;  is  \.irnishod  on  botli  sides,  and  the  rore, 
liaxini,'  been  built  uji,  i-n.'htlv  coniiire— .1  and  b.ikrd  at  ,1  rei:nl  it.  i  t.  n;- 
peratiire  lof  several  days.  The  linal  ihi.  kness  ol  the  varni-li  v.ui,  -  iiuiu 
}  to  I  mil  (-0005  to  -ooi  inch),  but  oven  this  very  thin  layer  adds  an 
a..|.rr.  i.d.le  puvi'iitai^'e  U<  the  tlii.  kn.-s  of  a  plate  of  from  14  to  I.H  mils 
thi.  kn.'-s,  and  represents  waste<l  space  s,,  far  as  m.mnetic  Ihix  is  cn- 
c  rned.  In  order  tliar  0  mav  not  i)enetrati'  si>  thin  an  insulatinir  1  i\  er 
and  cause  wasteful  eddy  currents,  th?  burr  is  carefully  remove-l  from 
the  edges  of  the  stampings. 
108 
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The  u,n.rr  v^k.^  is  ..  .n  at  B  ;  vvh.n  placed  on  the  ecus  it  forms  a  butt 
joint.  tod.nuni.h  the  .na.nctic  rohKtauce  of  which  the  c-'ac  - -es 
ire  machined  dead  plan.  a„d  th.  M.rfar..  ar.  p>.^^.;.  top;  lu.  l.^  K  n- 
ins  «p  the  nuts  on  the  bolts  c  and  </.  which,  one  on  eUluT  - 
h<!l,.s  /,  in  the  middle  of  the  flanges  of  the  clampmg  plaus  it.  Hk- 
snrfar.s  l.,,w.  v.r.  an'  imt  allowed  to  eome  mto  actual  contact,  a  slait 
oJ  manilla  paper  he.ng  u.terpo.d  f.  prevent  eddy  currents  c.rculatmg 

'^'t:''^"  core  referred  to  a,,ove  .  dehberatelv  a.lopt.1  to 

*  "    obtam  the  advan- 

taurs  (v,v  page  j.j) 
of  <  irciilar  windiny;-; 
witliout  ^acrituinK 
too  nnich    ot  the 
enclosed  space.  In- 
ciilintallv.  wli'K' 
■-pace  w  lo-t  ui  the 
coiners    in  which 
tliere  is  no  inag- 
iiilic    material  a 
■  I  muter  -  balancing 
advantaf^e  i>f  ipiite 
mother  kind  is  ob- 
tained. ina-nnic!i  ;is 
tlie  (hul>  llius  Irit 
through    tlie  Core 
allow   the  circula- 
tion    of  cooling 
tUiids,     and  tluis 
enable    the  trans- 
former to  carry  a 
heavier  load,  with- 
out exce<sive  heating.    A  scale  drawing  of  a  cross-section  of  such  a  stepped 
core  is  gi-cen  in  l"ig.  003,  the  dimensions  being  taken  from  a  design  for  a 
transformer  with  an  output  of  1,000  Av..\.  ,it  50  cycles. 

The  stepped  form  of  core  is  being  morr  cuunonly  used  now  than  for- 
merly, and  a  further  example  of  it  is  giv.  \  Fig.  .)04.  «hich  represents 
tlu  thrie  uprii^ht  cor.s  and  the  bottom  yoke  of  the  I-erranti  standard 
three-plui^e  transform,  rs,  <ine  of  which  will  be  found  illustrated  in  Fig.  8(14. 
There  is  an  important  (liltei.n..e  betw.cn  the  details  of  this  magnetic  cir- 
cuit and  that  shown  in  1-ig.  90.'.  In  Fig.  902  the  magnetic  j..mts  at  the 
end  of  the  vertical  cores  are  butt  joints,  whereas  in  Fig.  904  the  stampmgs 
which  form  the  top  and  bottom  yokes  are  interleaved  with  the  vertical 


■e  Core  -shnwing  Yoke  Clamps 


Magxetic  C/Kcr/rs-  of  Tr. 4. vs/ ok 


-t,iiiii>inss  (if  till'  cri'  Innii  wliuli  .,uh  alliiiuitf  ^t.iini'mi;  piojtrts.  It 
i<  ilaimtd  for  this  mcthixl  that  inaf^iu  tu   lontinuity      hhtc  appioxmi- 
,t,  U  111(1  mere  unitciinly  attained,  limliiig  to  greater  C(>u>tamy  of  no-load 
.111(1  tiiat  the  wmkiiit;  of  the  tran>f(>rnur  is  characterised  bv  an 
nee  of  the  iuiiiiniiiii,  n..i-.  wliidi  m.iv  i'lt,n  l>f  ohMiAdl,  and  which 
with  Imtt  joints  may  be  due  to  the  rapid  attr.n tioii--  of  the  iiitil.ii  iii.i->es 
-cross  the  joints  as  the  successive  magnetic  fluxt's  build  up  at  the  rate  of 
!,,iihle  tli(  p.  riodi.  ity  per  second.    On  the  other' liand,  it  is  obviously 
iiuu  h  more  co>ll\ 
to  dismantle  the 
ti,ui>former  to  re- 
;.i,uc  a  (lainaiii'd 
Mil     >hnul(l  tliis 

uiilortunately  be- 
.  1  line  necessary. 
The  laininatiiiiis 
,iic  luld  to;^etlur 
at  the  bottom 
Mid  uIm)  at  the 
i  ip  thi^'.  ()04)  by 
kuKths  ot  Killiil 
>ttel  bolted  to- 
Liether  as  shown, 
,ind  additional 
stiltn(-s  t,'iven 
by(  l.iiniiuii;  pLiles 
and  bolts  through 
the  vertical  cons, 
which  arc  not  used 
in  Fig.  (joJ.  The 
bolts  are  of  course 
carefnllv  in'^ulated 
from  the  coie  iron. 
The  three  cort 


Hu.  1^5.-  Hni>li  IhrM  phase  Core  >h.>»inK  Volte  Clanip- 


 ;ui(l  the  bnttom  yoke  ot  a  ((oo  Av.A.  so-peiiod  trans- 
former built  bv  the  Brush  Electrical  EngmeerniK  t'onipany  are  >ho\vn  m 
I'iR-  905-  ll'^'  niafinetic  circuit  of  this  transformer  is  built  up  ot  ^lu  et 
steel  18  niiN  (o-oiS  in.)  tlii^k,  the  joints  between  the  cores  and  the 
vokes  at  the  two  ends  beini^  imbricated  or  interleaved,  as  in  the  last 
example.  The  net  crosi-secti<mal  area  of  the  .ore,  whidi  is  a  Mtp)  ..! 
core  after  allowiiis;  for  the  space  cxcupied  by  the  in^ulation  between 
the  laminations,  is  475  cms.,  whilst  that  of  the  yokes  is  bio 
sq.  cms.,  and  the  whole  magnetic  lii.  uit  wdi^li-  4..=i""  H'^- 
ol  the  upright  cores  are  clamped  between  the  gun-metal  plates  ^hown 
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in  the  figure,  and  the  bolts  are  in^ulat.'d.  Tlie  yok.^s  aro  securoly 
clampr,!  as  shown,  bv  bolts  to  a  channel-iron  frame.  Iho  honzont:.. 
bult^  :nv  inM.l..t.>d,  an.l  thnm.-h  th.-  -tanipin.-.  struroly  dampins 

the  vukc  t.)  the  core  after  ass.inhly.  Other  partieulars  of  this  trans- 
former and  of  its  tank  will  be  found  at  pages  872,  901  and  906  and 

elsewhere.  ,         ^  ,  „ 

For  small  mhJ.  i-lia-e  "  rore  "  transformers  up  to  50  ^v.A.  at  50  cycles, 
manv  manufartu>vr<  -iniplv  int.rl.MV..  iW  cu,v  plat.,  at  th..  . th.^ 
Circuit  rectangle,  as  sliuwn  diaf,'raminatic;dly  in  1^'.  m  uhu  h  the  plaf  . 
of  the  next  layer  are,  to  show  their  positions,  indicated  by  dotted  hnos  a>  it 
thcv  were  sliKhtlv  s.iialler  tlian  tlir  tmnt  plates,  which,  of  course  is  not  the 
case.    In  the  particular  circuit  depu  ted,  all  the  stampin.^'s  are  of  the  same 

,     >ize,  nainelv  that  of  thr  rectangle 
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Hi!.  9a«.— Interleave!  KtLl..:: jul.ir  Core  I'late-. 


a  b  J  c.  Notwithstaniling  iIr 
of  well-machined  butt  joints  by 
wrll-known  tiriii'^  .  Nperieiiced  in 
trau-lMrmer  work,  there  is  ,1  bii; 
body  of  ijpinion  to  the  effei  t  that 
lapped  joints  have  provi'd  m 
practice  superior  to  butt  joints, 
howcvi  r  can-fully  cou-tiau  t<  (l,  and 
in  the  next  type  of  tran>fonner  to 
be  described  such  joints  are  used 

fNllu~i\i'l\'. 

The  ■•>heU  "  type  of  core  con- 
struction ha-  been  illustrateil  in 
I-it;s.  887  and  80S,  and  will  be 
further  referred  to  in  connection 

with  liiL;h-vi>ltau;>'  tian^furnin-.  In 


Fi-  SnS  th."  maunetic  circuit  is  in  horizontal  and  the  electric  cin  nit-^  are 
,„'v.  itical  plain-,  the  ere  beins  built  up  of  packets  of  stauipm^'>  butt- 
jointed  and  held  tn,.th.r  by  the  .m.le  iP.u-  and  <traininu'  bolts  shown 
in  the  illustration.  One  of  the  adv.mtage.  nut  hitherto  mentioned,  which 
is  claimed  for  thi-^  tvpe  of  magnetic  circuit  is  that  the  windinLjs  are  n  ,,,h  v 
accessible  and  ,u-  nivlv  held  in  plar,.  bv  the  encircling  iron,  so  that  the 
liabihtv  to  buckle  under  th-  he.n  v  mechanical  strains  develoj^'d  on  short 
circuit' (s.v  page  oo„  i<  v  huvd  t^  a  minimum.  The  arrangement  of  the 
cleetiir  circuits  i>  (l<-.i  iibed  on  p.i^e  81H.  ,  ,  . 

Onite  receutlv  the  General  Electric  Company  of  Schenectady  have 
re-designed  their  M  .nd.ad  tvpe  (  rv,v  H-  of  tr.ni-former  f..r  -mtputs  up 
to  100  /CV.A.,  and  it  now  has  the  lorn,  already  illu.ti.ar,!  .11  1  N,o.  This 
magnetic  circuit  mav  Ix^  regarded  roughly  as  twu  mmneti.  ,  nvuit-  cn.--ed 
at  right  angles,  each  sitmlar  to  the  "  shell  •'-tyin-  ciicuit  of  l  ig.  6^7,  and  w.ien 


MAGsyjic  CiRcvirs  <^f  TKASsfouMtRs 


8H5 


:rcw^i  il  li.uiii^  ;i  common  ccntr.il  <-ori\  If  \v(>  im.iuinc  .1  tliirk  shell  trnns- 
loiiiu  !  or\nM>--  like  I'ii,'.  NS;  ^|■lit  into  two,  t  at  li  of  'lu  -lialf  the  niiinher 
of  hiiniii.itioiis.  ami  oiii'  ot  the-,'  >\vun;:;  round  thro'-,'h  qo'  on  the  ecntral 
vertical  axis,  it  is  ohvions  that  with  the  same  aiaount  i)f  ii»n  the  iron 
surfaces  exixised  for  radiation  would  be  practically  doubled.  Of  co\jrse, 
t!ic  operation  ri  fcrn  il  to  camiot  W  ix  rfornn  d.  but  a  crossed  c  in  nit  of  the 
knul  indicated  can  In-  hiiilt  uji  as  >iiown  in  l  it;.  1107,  which  is  a  ])lan  of 
tlie  iron  circuit  and  windini,'--  of  the  General  ICiictric  Coniiwny's  new 
I  vpo  H  transformer.  The  ingenious  way  in  which  the  four  arms  of  the 
cross  are  keyed  into  ont;  another  to  form  the  central  core  i^  jv.rticnlarly 
intircstiiiL;. 

The  central  core  consists  of  four  parts,  each  belonf^ini^  to  one  .irm  of 
the  cross.    For  each  of  these  parts  two  different  widths  of  stampings  are 

nicr^^arv,  and  tlic>c  av  Iniilt  up 
with  the  wider  >tanipi!]L,s  in  the 
nutidle  to  form  thi-  inli  iiix  kin^;  kev. 
riie  outer  Verticil  yokes  are  formed 
of  '-tanipini,'s,  all  of  the  same  width 
lriiL;th,  a~~rniliii'd.  as  at  tlic 
c  ir'u  rs  of  l-'ij;.  ,S()o,  so  as  to  form 
two  lap  joints  top  and  bottom,  the 
-tanijiin:;-'  lor  tlie  hoii/ontal  parts 
(if  tile  cro>s  hcini;  dinun-ioiied  to 
corresiiond. 

The  coils  being  in  the  positions  , 
^iiown  in  Figs.  Soo  and  007.   the      pig,  ^,._(;,k.  ,s,„„,ur.:  rran,fo,n«,,  fi  

t:an-loI  inrr     Con-ists     inamic  tically  Core  »nd  Elecinc  Circuits. 

.  I  lour  magnetic  circuits  in  p.ir.dlel, 

ill  the  M.M.F.s  In  ing  set  up  on  the  central  core,  and  the  closed  circuit  of  anv 

nii!i\  idiia!  inamii  tic  line  con-i-^ting  of  a  path  similar  to  what  would  1h>  -.  t  np 
111  ilie  I  iicuit  ol  l  ig.  i|Oh.  The  (juadruple  circuit  thus  built  uj)  is  of  vc  iy 
low  reactance,  for,  in  such  things  as  the  selection  of  the  material  and  in 
tli<'  smaller  details  of  construction  referred  to  elsewhere,  no  fKiint  is  over- 
1  .  krd  l)y  the  ( nginecrs  of  the  Company.  Details  of  the  coils  are  given 
,it  p.iuc         .mil  ,1  lurtlu  i  n  il  n  in  e  to  tl..-  wniiliiig  plan  ,it  jKigr  \y  S. 

.\  much  more  elaborate  system  of  r.uli.il  m.ignetic  circuits  magnelic- 
allv  in  parallel  has  for  many  years  bo(>n  in  use  by  the  British  Electric 
ri.in>forincr  ("omp.uiv  in  the  di  ~iL;n  and  di'\-elopin  nt  of  the  Brrrv  ti.tii--- 
foniur,  whicli  has  .drculy  been  illu~tr.itid  in  I'ig.  Siiw.  Tliire  sucii 
tran-fonners,  without  any  motintini^-,  are  -hown  in  pi  ispe<  tiM  in  I  ig.  (>o8, 
tlir  li.ise  of  the  transformer  being  in  each  case  turned  tow.irds  the  spec- 
tator. .\  plan  of  the  transloriuer,  somewhat  siiiular  to  that  of  the  General 
Electric  Company's  plan  in  Fig.  1^7,  is  given  in  Fig.  ijiwj.    Instead  of 
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bcinR  nKiKni'ticalK  the  .quivaUnt  ..f  two  shell  transformers  crossed,  it 
is  equivalent  to  no  fewer  than  tweh.  a..s.r,l  sl„  11  tr;.nsfornurs,  n,;.k,.r. 
in  all  twenfv-four  magnetic  circuits  in  parallel.  In  this  way  tlu-  r achat 
inc  surfa.  es  "are  verv  ^'reatlv  increase.l.  and  the  finished  transformer  (1m? 
8<,0)  cxopt  (or  its  .l.Mtri.al  littinL.-,  rrMinbles  well-known  typ-s  ot 
ra.liat..rs  rather  than  a  p-eee  o(  ehrtri.  al  ..pparatu-.  In  fact  it  ».s  a  rad.ator 
with  the  radiatinj;  surfa.es  forme.l  ..f  the  material  m  which  a  great  part 
ul  ilir  luMt  t.i  1"'  ra(liat.-(l  is  generated. 

R.  f.nin"  to  \  it  -^IkmiM  be  explain.nl  that  the  electric  cir- 

cuit-; are  w.mn.l  Inw.-r  d.-wi,  in  tlu-  -im.  .'  b.'tw.vn  xUr  tw..  (l.-ttf.l  nv<  \r~  , 
outMde  these  circle-  ar.'  the  .alter  y.ik.s  m-.h  in  l  i^;-.  aii.l  .,o\  aii.l 
inside  them  is  the  iron  of  the  central  cores  of  the  twenty-fo-ir  magnetic 
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circuits.  It  will  be  noticed  that  this  cor.'  i^  built  .)!  lour  width-^  o(  stamp- 
ings stcpp.Hl  as  sh.)wn.  The  space  at  th.'  shoulders  of  these  ^t.  ps  is  .1.  h- 
beiat.  ly  K  ft  clear  -o  to  allow  for  the  .  uvulati.m  of  the  cooling  mediuiu, 
wheth.T  air  ..r  oi\.  thmugh  th.'  ore.  W  e  deal,  liowever,  with  the  general 
question  of  cooling  separately. 

v.— THE  ELECTRIC  CIRCt'ITS 

The  actual  arrangement  .>f  the  .  K'.  tric  circuit-  in  a  tran-fornu  r.  ajxirt 
from  .pu'stions  of  insulation,  is  a  comparatively  -iinple  matter,  ami  the 
,M  in.  ipl.'s  involved  in  the  design  of  magnetising  coils,  which  these  cir.  nils 
an  ,  \u\\  r  all.  ady  b.cn  exi'lained  in  connec  tion  with  th.'  .l.'-iuu  of  li.'ld 
magn.'t  wimlmgs  (s.v  pag.s  j.;,  -'iS  to  aii.l  3.^1.  Some  .»tlier  iioiats. 
more  particularly  the  influence  of  the  spa..'  factor,  will  be  considered 
later,  but  attention  may  be  called  here  to  the  fact  that  the  main  problem 
is,  vvhilst  obtaining  tii.'  necessarv  number  of  turns,  to  keep  the  copper 
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i.Ks  as  low  as  possible,  this  loss  hvma  due  to  tlie  c  R  heat  generated  in 

ihe  i-oiU.  . 

Distribution  of  Windings.— \s  alr.  a.lv  .  xplained,  tlu-re  ar.>  m  a  sitiRle- 
I-liase  transformer  two  circuits,  one  usvially  consisting  m  in\  inniv  turns 
•li.in  tlir  otlur.  l"or  reasons  «iv  u  on  page  wo  ^hall  i>  i.  r  to  llic  hrst 
a.  thr  lu-l.-volt.ii^e  circuit,  ami  t .  the  second  as  the  low-vultaije  circuit. 
l(  the  space  available  for  the  windings  has.  in  the  development  of  the 
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d.^icrn  brcn  alrea.lv  tiK-  d  bv  other  considerations,  t  can  bo  sho-  , 

tlidt  ne.'Uvtin«  the  d.^tu.lnn^  inttuenre  of  the  "sp;.  ..  .actor,  the  hea. 
;;:;!^'J^1  bo  a  niinmuini  if  this  spac  W  ,  .uallv  -hvidcl  betw. -n  the  two 
wiu.lin-.    This  will  provide  us  with  a  sutliciently  clo.e  working  rule  tor 

""insuk^g  Material8.-Tl.e  <p,.cial  cnditious  which  the  in^uhitin, 
materials  used  in  traiisfornu, .  luuv  to  .„..,uiit.r  mc -Mtate  a  Nvord  or 
two  in  addition  to  what  has  been  said  al>uul  in^ulal...^  n,  -H,,  r  put, 
of  this  book.  Efficient  and  enmomical  insulation  is  .m.-  ot  the  pun  e 
ess..Uials  of  good  tratisfornier  de,iun.  and    the  ch.).ce  of  materials 
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wliicli  %vill  not  dttLTK.nite  under  tlio  conditions  of  working  is  aNo  of 
prime  importance.  The  m.ittri.il  r.fcTre.l  to  is  that  win,  1,  h  to  in- 
Milit.  tlir  (oik  from  the  iron  and  from  one  another,  and  tlio  n.w 
condition  xvhu  li  does  not  apply  to  most  casts  of  electrical  insulation, 
is  tlMt  tlu  !nateri«il  in  most  modern  transformers  is  brought  mto  contact 

with  hut  oil.  .      ,    , ,  , 

Of  the  available  materials,  mica,  which  is  such  an  mvaluablc  tluni^h 
sonirwli.it  cxiH  UMvo.  insulator  for  many  .lectrical  purposes,  is  only  uxd 
bv  <ome  d.M^iicrs  in  air-cook-d  transfomi.  ts,  as  they  are  of  opinion  that 
it  deteriorates  when  in  contact  with  lu.t  oil.  .\t,'..in,  p,r^sp,hr..  vvhu  h  i< 
I'-M  widely  u-e<l  for  other  purposes,  becomes  pulpy  under  hot  oil.  I  ul- 
<„;.;s,7  rW  U.\<  mIso  to  be  rejected,  as  the  sulphur  it  contains  is  acted  on 

by  the  hot  oil. 

It  wonld  be  wearisome 
to  tlnoui,li  the  loni; 
list  of  composite  insu- 
lators which  have  been 

nil  the  Ill.llkit. 
and  we  si-., ill  llu'i  i  In; - 
be  content  to  nunti-  i 
t\VM  \\!'i<  !i  are  not  acted 
ni.-n  i>\  hot  oil.  <">ne  of 
tiii  -r  is  ;\in:i ./;.'./  <■<•'/". 
which  IS  wiileiy  used  in 
k  small  transformers,  and 
the  other  is  known  a- 
"  liiikiiiU-,"  which  i>  also 
mechanically  strong,  and 
ran  be  used  for  cylinders 
upon  which  the  low-vollage  coils  are  wound  directly. 

The  insul.itinsj  oil  which  is  used  in  transformers  for  coohng  purpf)ses 
will  be  lelenrd  to  later  {sec  ]nv^c  024). 

It  has  been  alie.idv  cxplain.<<l  (mx  papes  862  and  863)  that  there  are 
two  general  nietliods  of  arranging  the  win<lin,'s.  known  respectively  as  the 
■•sandwich"  (l-it,'s.  ^78  and  880)  and  the  '  coiicent.ir  "  (iw  big. 
and  th<^  general  advantages  and  disadvantages  of  the  two  methods  have 
be,  n  bi  ieih  explained.   We  can  therefore  pass  at  once  to  descriptions  of 

actual  wmd.ings.  ....  „  1,1 

Concentric  Windingrs.— This  method  of  winding  is  usuall\  .idoptrd 
for  'mall  .md  n;e<Hum-sized  transformers  of  the  core  type.  In  many 
ca=.s  Init  not  .i!wa\s,  the  coils  arc  circular,  a  shape  which  encloses  tVe 
niaNimum  area  for  a  L;iven  iienpherv  (^-v  i-a-e  j;,).  and  wliicli  has  tiic 
additional  advantage  that  with  large  over-load  currents  or  sudden  very 
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large  currents,  caused  bv  a  -iimt  lircuit,  the  mi  cli.init  ,il  foin-  do  ii  'i  tm  1 
1,.  liui  kli'  the  niils.  \Vitli  str.iisht-sidtd  cuils  tlir  !■  ic.-.  t.  nd  to  bow  mit 
tin  -tr.uulit  ]\irt  and  make  it  a-<ume  a  circular  -liap.  .  a  movement  which 
tends  to  i  ii.it'  the  iiiMil  itiun  in  1  to  lead  to  a  breaUdown.  Other  advan- 
tages are  detailed  on  page  So.j 

]ohmon  and  Phillips  Transformer.— In  the  fisurc  (Fig.  qoj)  showing  the 
,„,i^'nrti.-  (  iicuit  (if  the  Johnson  and  Pliillips  -ingle-phase  transformer  there 
are  -liown  at  the  >ide  xrnie  of  tin'  wonnil  coils  ready  to  be  >lipped  on  the 
cores.    The  concentric  mils  are  circular  and  fonner-woiind.    I'  u  h  I  imt 
carefully  insulateil  from  adjoining  layers  by  special  iuMilaiing  niaterial 
unaffected  by  oil.    The  coils  are  then  thoroughly  dried  and  insulated  in 
a  vacuum  plant,  and  .  aeli  of  the  high-voltage  coils  is  taivd  up  with  oiled 
linen  or  varni>lied  tape. 
Hefore  placing  the  coils 
im  the  core  the  latter  is 
msulated,  as  shown  on 
the  ri^ht-hand   hnih  in 
l  ig.  oio,  anf'  the  high- 
voltage  coil:  are  slipped 
.  n       ~hi A\ n  tin  thi-  lelt- 
li.ind   limb.    The  hii;li- 
voltage  winding  is  divide( 
into  >everal  coils  to  re 
iluce  tlie  voltage  per  coil. 
The  continuance  of  this 
stage  of  the  assembling 
is  shown  in  Fig.  on.  i" 
which  it  will  be  M'cu  on 
the  right-hand  limb  th.it 
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an  insulating  cylinder  has  be  en  ^lii^ped  over  the  high-voltage  coils  before 

the  low-voltage  coils  are  placed  ovi  r  them. 

Jhc  l-crranti  Jr,iif<foniu-r.—T]w  high-  and  low-voltagc  coils  used 
lor  a  Fcrranti  transformer  .ippe.u  in  Fn;.  which  -hows  a  -in:^le-ph  i^e 
transformer  in  the  "  assembhng  "  stage  ol  con-tiviction.  Ihe  low-voltage 
coil  r..  with  proper  insulation  interposed,  is  placed  next  the  stepjwd  core 
a-  -hown  at  l/.  and  Mmie  detail  ol  it-  con-tnietion  are  given  beh)W.  It 
is  laid  ni  position  bv  wooden  p,u  king  strips,  wiiu  h,  with  the  stepped  core 
leave  ventilating  ducts  for  the  circulation  of  the  oil.  It  mav  be  noted 
that  il'.e  le.ads  / 1  cominu'  trom  this  coil  are  very  effectively  strandi'd. 

Where  voltage-  of  over  ,;..V)o  volts  are  u^cd  a  compressed  impregnated 
paper  shield  is  slipped  over  the  low-vo!ta-e  winding-.  The  -hu  Kl  i-  treated 
with  an  impregnating  compound  to  protect  it  from  the  action  of  the  oiL 
11"  required— but  this  finn  does  not  recommend  its  use— a  metallic  earth 
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Ml  h  plarM  n«t  to  the  low-v.-ltaRo  cils  an.l  ii.M.l.-  th-  in,pr.«naU.,l 
',v.,.,r  tub.'  •  it  i-^  .  tiu  i.-ntlv  connected  to  tl.e  IransiornuT  tramf.  wl.idi  is 
pmvuUa  wul.  an  cartlnnK  lu«,  ...  that  it.  in  its  turn,  mav  be  connected 

to  a  Rtwwl  "  earth."  ,  ,  ■ 

Tl,..  l,i.'l,-vuh,.Ke  coils,  which,  as  describea  pn.cnlly,  arc  w.m.ul  m 
M  .  tio.H   .IV  -li!>l>«'«l  over  the  inipr.-Knatetl  paiK-r  cylinder  as  shown,  an.l 
,  „„;,..,,..,1  u^  xh.r  ana  to  th.  t.  nn.n  .ls  as  nuiy  be  partly  seen  .n 
l.-iK.  ,S(,4,  and  n.ure  tally  in  i  if,'.  <,I2,  m  win.  1,     .'iv.  n  a  p..rt  s.-.-t...n  tl-r.-uRh 
one  .if  the  limbs. 

Ilv  tlic  .  nu.t.  -v  of  M.ssrs.  1-Vrranti  we  are  able  to  >h..w  m  l  i^,-.  Mi.  to 
015  M.,nr  nU.  R.t.ns  d.  tails  of  th.^  pr.K-esM^  of  man.ifa.-ture  of  th.^  luw- 
'  ■'  and  liii;li-vaut- 

il;.' CniN.  l-U'. 
,  1 1  ;  i^-  il  l  mi  a 
p  li  o  togi  apli 
showini;  the 
actnalwinlui,; 
of  a  lo\v-\ ull- 
age coil.  The 
(• .)  11  d  uc  t or. 
which  cnn'-i>ts 

(if  CO  PI"''' 
-nip-,  appar- 
cntlv  ill  this 

nuinb.  r.  is 
,h  awn  forward 
livtlurotatiim 

of  tlu'  Wiiniii  II 

mandril  M  M, 
to   wliuli  lis 

cn.l  is  clamped,  l  lie  strip-  an-  .  Irrtricallv  in  parall.-l,  but  an^  lifjhtlv  init- 
iated from  one  anotlur  l.v  tlnn  p-qu  r,  which  is  iiitcrkav.d  with  tluni  a-- 
tlu  v  ai.proa-h  tlu-  miide  block  l>.  After  passing  this  block  they  are  wdl 
fipc.l  tiaiiM  .  .M  h  .  the  stranded  conductor  passes  on  to  the  mandnl.  and 
the  coil  (1 .  1  it:.  I'lnlt  np,  the  t.  n-iun  of  tlic  winding  being  regulated 

by  li.vi  gui.lc  block  h,  which  is  adjustable. 

The  high-voltage  coils  are  more  dithcult  to  cnnstruct.  For  n  .i-.ns 
pivrii  .l-.'wlurc.  the  end  cniK  next  to  tlu-  supply  line  are  more  carctully 
wound  and  insulated  than  the  nthe,-,  and  therefore  we  sli.nvin  lMg.014  orie 
end  coil  complete.!  an.l  its  next  enil  witli  th.-  In-t  l.ix.  r  ul  line  wire  ahvadv 
on  tiie  w.HMleii  Miaiuiiil.    It  Will  he  uuticed  that  tlic  wire  nlr.M.iv  in-ubted 
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IS  t)e: 


>till  tuith.r  protected  by  additional  insulating  material  fed  on  in 


tl„'  pro. uf  witi.liii!,' ;  al-o  tli.it  tli.'  coil  is  l.uilt  up  in  narrow  sections  th.  r.- 
iH  iiiH  l.iit  a  f.  NV  turns  in  .-adi  an.l  tliat  succi^^sivt-  layers  are  very  c.iie- 

fully  insulated  Imm  un<-  another  by  strips  of  insulation  winch  pn-ject  well 
bevonil  the  outside  turns. 

The  next  pnvess  is  to  tape  the  coils  so  wound  after  tli.  \  air  i.  in.  v.  i 
l„„u  t!M-  nun.ln!  trnM-,,,rilv  bound.  The  t  .]..•  i^  served  on  with  the 
r.quiMte  teiiMou,  ih,'  tap.-  l-.l-Lm.  ...u,~.-.  pa^-.n^  throll'^'tl  the  ell  to  In- 
tailed.  Coils  in  various  stai^e^  ol  tapiiu'  au-  -h.Avn  in  l  i-:.  oi^.  i  oil-  /  ; 
have  merely  had  a  iiand-servint;  of  laj.e  t..  hobl  them  to^.  th.  r  wh.  n  rein.;v.  1 


Til?.  9ij.-Windiii?  of  a  I..>M»voluse  Coil  for  a  Ferranli  Transformer. 

fnmi  the  win.lin^-  mandril,  coils  h  h  app.-ar  with  or  or  ni.  re  lav.  r^  o(  tai^e. 
.md  a  >till  further  stage  is  shown  m  cils  c  c,  wlii.  h  ...n-wt  of  tw..  ..r  more 
c..il>  lik.>  h  placed  on  top  of  mi.-  another,  and  the  whole  again  tap.  d  lu  ..  vUy. 
P,l,.,  of  compU'te,!  and  imp, .  .naf.l  coils  are  shown  at  C  C.  a  low-voltage 
coll  at  I.,  and  one  of  tlie  inner  slii.  l.ls  at  s.  • 

The  Brush  Tramformer.-  In  this  tian>former  ( IX'.  f'oS^.  m  inula,  tur,  .1  by 
tlie  Brush  l-l.vtri.-ai  Kn-ii.-.nn-  Co,,  tlu' win.him>  are  al^.  euriilar  m  ^hajie 
an.l  MKeiilri. ,  ..nd  .1.  m  th.  L.-t  .  xampl.-  tlu'  !..w-v..1ta.'.'  win-linu  .s  placed 
nc:atothec..re,.-)nepha>ebein:,M)n  .■.,cl,  hnil.  ol  th.- tin.  ■  -ph  .- tranMorm.  r, 
from  which  it  is  separated  bv  an  insuhitii.;;  tube,  l  or  r.-und  uu.,  o,  lor 
strip  of  which  the  greater  .lim.'usion  d.,es  not  excecl  \  m.,  .loubl.  .^..tton 
covering  is  used,  but  for  larmier  ^-tni)  >trong  linen  tai-e     -.rx.d  ..11  duimg 
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the  windint;,  and  tlif  diffin-nt  litvi-r*      »tri[w  in  parallel  aro  M-fwrated 

friiin  laili  I'llin  l>v  iimiiiH.i  imimi.  It  tlic  <r.il  M^i-i^ts  of  iium.'  than 
one  layer  tin-  I.im  ,\\>-  insulated  \\<n\\  iMir  an.itlu  i  hv  la\i  i-  \aiiii-lud 
rltttli.  The  mil  iminegnatejl  altu  wiiidinj,'.  thtii  \.\\">\  witli  in-ulatin;,' 
material  and  a^ain  ini|)reKnated.  I'rujMT  ventilatni^  duet>  lor  the 
circnlatidii  n{  oil  are  jirovided  Ixtween  the  core  and  tlie  low-voltaRC 
winding.. 

The  lii^h-voltaf;e  winding  i>  duided,  .is  (I'ii;.  >^()f,).  into  a 

number  of  eoils  to  fariiitate  replaeement  an<l  to  redm  e  the  voltage 
bitweiii  l.iNT-.  An  in-nlitinL;  (  vliiider  is  interposed  between  tlie 
low-volt, !!.;<•  aii<l  tiif  lii^^li-volta^ie  e<iils,  and  when  an  earth  shield  is 


Kig.  914.— Winding  a  KcinlbKed-and  High-valla(<  Coil  for  *  Fimmti  Sundard  Transform,  r. 


rei|iiired  it  i;->  placed  in-iile  this  i  x  lindor.  The  high-voltage  eomlui  tor 
is  ilouble-eottoii  itiwred.  and  for  not  fewer  than  fifteen  tnrns  from  the 
terminal  ends  ^4  \\\r  \\\\\A\\v^  it  is  -peeially  in>nl<ited  to  wiili-t.nol  dill- 
line  pressure  between  individual  turns  so  as  to  prevent  biv.ikdowii  due 
to  pressure  rises  or  surges  on  the  system.  Varnished  cloth  is  inter- 
po-t'd  iM  tweiMi  l  ivcis,  .md  MA  rral  tinii  s  dm  in;,'  winding;  eadi  si  palate 
eoil  is  inij)regnated  with  varnish  in  :;iii:o  ami  under  pres-ure,  and  then 
thoroughlv  baked.  The  result  claimed  is  a  waterproof  and  durable  coil 
iniiHr\iMn-  to  oil. 

(,iiui\d  l-:irJnc  'J'i\risfoyiihy.  Ylw  arran:,'emems  of  the  coil  in  the 
General  ICKttric  Company's  Type  H  tran-ionner  is  clearly  shown  m 
the  plan  already  given  (l  ig.  'iojj.  The  winding  is  Concentric  though  the 
coils  are  not  quite  circular,  being  rather,  in  plan,  square-shaped  coils  with 


ronn.l.-il  corners.  A  low-volta^o  roil  is  pl.rr.l  n.M  to  th.>  rnro  ;  oiit-i.le 
tin-  Mr  t\v..  hi.;h-vo!t  with  an   lir  -jm.  .•  ,,r  nil  .iMnn.'l  l..tvv.vn 

tla'Ui ;  ami  tmallv.  owt-i.l.'  all.  i-  t '  .  imum.lrr  nt  t!,.  |,,«  vnlta-.- wrn.im-  in 
the  form  of  a  coil  somewhat  ,|ill.  i,  ntK  .1  m  ;.laii       a~  t-  1.  aw  laliiv 

wide  nil  dnrts  betwe.  n  the  hiuh-  an.l  l..w-volta-e  wm.liny^  at  the  f.iiir 
cm.  1-.  I  he  shape  of  the  eore  is  also  snrli  as  to  leave  fotir  otl  ducts  mside 
the  inm'rmost  win  In.-; 

Thf  insulation  b.-twe-n  hi:4li-  an.l  Lwv  !;  ...n-i-t-  ot 

thick  ini.  i  shields  built  up  of  laveis  of  nii.a,  il„  i  .  im  i  •!  .-..rners  o(  the 
,  ,,..1  i.Miuiriir,'  tlie  nil.  a  |..  W  i"  nl  -harplv.  and  -o  ri«kim,'  the 
danger  ot  Its  cracknm.  Ha  nu  .  .  vlnv!-     pi..)ea  well  Ix  voiid  each  end  ot 


Fig.  915.— Hish-v»lt.ij- 


tlu'  wilulinKS,  and  an-  sufficientlv  thuk  l.>  >tand  a  v..ltaf,'e  of  40  t.)  3<>  l^:'"- 
vults.     The  circuit,  mav  th.-refore  be  regarded  as  safe  for  voltaues  up  to 


_',3oo. 


Tlie  siucfs^iv. 


la\.i-  .'f  t!i'    uni'hnu--  t)f  ea.ii 


lil  are  separated 

by  insulating  fibre,  which  also  p,..).a.  b.A..n.l  the  .f  the  coil  so 

as  to  separate  effe.  tiv.-lv  the  end  turns  ..f  successive  la>iTs  Avhich  arc  tlie 
turns  at  th.'  ,L,'r.-at.  -t  r.n.  .     ,     ,  t„ 

In  ihi.  >ecti..u.  aii.i  in  oth.  r  pait-  of  th.-  l-.ik,  nu-mi..n  has  been  made 
from  time  to  time  ..f  the  vacumn  diyiiu'  and  iinpi.  -iMtin-  taii!.^  u~..l 
in  fmidiin-  the  c.ils  after  winding.     By  the  contte.y  ot   ti.e  (,.  ii.  i  i> 
l-  lect.u;  Coinpanv  we  show  in  l  i,'.  ..16  one  of  the  stages  of  the  I""- ' 
The  "va.mim  plant"  ivhnvd  L.  ..n  pa^--  SS,,  omim-'-  -    .•i.tiallv  a 

tank  or  uiutn  whRii  ^au   -"'^  - 

but  is  not  accessarily,  similar  to  the  tank  in  1-ig.  91O.    When  the  co.is 


h.i%'i>  broil  111  L'l''  ii  .iiK'.  as  (li'srriht  il  mi  p.U'-  "^'i;.  tin  v  an*  intHMlnccd  into 
tlic  tank,  will.  Ii  :  ,  .imin  ti  'l  tu  .in  <  \li,iii^t  pump  .iiiM  lir.ii.il 

Till'  rfiliit  tii)n  >i\  the  .iii  pii-.»iiri'  f.tUM"*  the  iii"i>turf  to  fvapiratr  cmn- 
plrtilv  iit  a  mm  li  lower  tfmjH  r.itiirf  than  1ik»'  C,  an«l  thus  thi-  insnlatio-,. 
whilst  Ix  iiiy  i  tti  '  tix'K    drii  il,  i-  iiut    in   iI.uil:' i    <A   l>i  iii^   injiitril  li\ 
ovt  rlir.itiii;^.    I  lif  mil-,  art'  ki  pt --oiiii'  hi.nr^  m  tin- \.n  niiiii  t.ink.  tlir  ti  in 
pcraturc  and  tlu'  p>rti.J  vacuum  luini;  maintained  throuuhout.    I  ln  \  .n 

tli«n  tran-ttiitd 
to  anotlur  tank, 
ami  1  "in]ilrtil\ 
ininu'i  'I  III  ,1 
hot  nioltcii  in-u- 
latinKtomjhuuKi. 
rill'  tank  lid  i-^ 
r  1  1 1  ~  (  il  a  11  il 
clainiHd  tijihlK 
,ind  prt'^'^urf  ap- 

pliril  111  lln-  roll 
tainril  air.  1  lii> 
lliorouKlily  ini- 
pri'K'nati's  the 
wliiili'  of  till-  in- 
-lllatmi,'  liiati  I  lal 
>urniinulii)g  the 
ci)iiductnr>.  and 
w  lim  till'  pi  I  I 
li.i-<  t  iiiitintiril 
Imiil;  iiiiin'^li,  as 
■-111  i\\  II  by  t'Xpi'ri- 
I'lu  i',  till.'  tank  i> 
opeiu'd  and  the 
ccdls  removed. 
The  compound 

n  -  r  d    1)\-    t  h  r 

Griirr.il  l-"lri  tiic  Cini]  .inv  has  a  liit^li  inrltin:,'-iii)int,  so  that  it  iiia\'  he 
unaffi  i.ti  il  hy  thi  liii;lu  -t  nnrm.il  trmjierature  of  the  tank  uiidi  r  Inli  load 
currents ;  it  is  also  noii-hyf^roscopic,  and  is  permanently  unaffected  by  the 
insulatinK  oil  of  the  transfor  nk. 

I'n  iiy  'ri\ni-.t'ii  Hill .  rii(  .;t  1  of  till'  ci'iK  and  the  -jMi  i-  o.  c  n])ird 
by  them  in  the  Berry  transfoi.  e  shown  in  I'igs.  1)17  and  918.  1-ig.  (J17 
ie  a  horizontal  cro«-=:rrtion.  and  '^\vv^  also  some  details  of  tho  multiplex 
inai;nrtic  ("if  .md  the  twrntv-foin  rrtnrn  \oki-s.  V'\i'.  iiiS  is  a  vertical 
section,  gi\ini;  further  details  oi  the  distriitution  of  the  windinijs.  Half 


I  r>  bong  iciuovcii  »ri):u  1  i.pit^iiating  'Link. 


llic.H-  A.rr>  /.oii'-ivt.rAGii  ly/xoi.ws 
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thr  low-voltapr  winilinj!  is  placeil  n.-M  t..  ih.  uuii  ...iv  .ind  iii-id.-  tlif  liii:li- 
\.  lt.ii;r  wimlinK,  \\h\Ur  tlu  ninaimUi  i>  |>lati»l  mxt  t«>  tho  iron  ol  tin- 
v..k.'  iiim*.  111.  Iiiji  \  lt.i!,'r  coils  an-  (ormiT-wound  in  sntion^  iw 
.h..wn,  ami.  wlu  n  a--  mM,  1  mh  tin-  l  ori',  ainpl.-  air  or  oil  <lii.  t  ui.  .1  Lv 
ih^tance  pu'i<'S,  art-  K  it  b.  tw.rn  tin-  ilitfir.-nt  s»(  tion>i.  I  h.  i  .lU  nv 
.iNo  s„  runn.<-t.-.l  that  tlu-  |M>t.-ntial  (lilf.n-ncf  iHtw.fn  any  two  of  tii.  m 
,s  ,„ilv  a  Mii.ili  fraction  of  th«  total  iH>tintia!  difim'nci-,  tin-  jKiints  bctwicii 
wliith  the  V 
littlot  ix>- 

t.nli.il  '111- 

1  I  r  I  II  f  «■ 

II.  riirs  111 

tlif  wind- 

iim-  briiii,' 

s,  iMi  at.  .1 

b\   tlif  lull 

l<n«tli  of 

t  111'  corf. 

T'l  Mttaiii 

nil-  I  lul  .1 

li  1  a  \  i  i  y  - 

i  nMi  latt'd 

1  <■  ,1  .1  1- 

(l  i;:.  (ii.'^)  is 

briiuiilit  up 

from  the 

Iwittuni  of 

tlif  tran-- 
fornuT  be- 
tween two 

tile  yoke. 
Between  the 

liii;h-volt-  ,     ^      .    r  » 

a'  e  (I'll-  and  the  low-voltai;c  windings  which  they  fncircle  there  is  hrst 
of  all,  and  next  t..  the  l,'\v-\"lt,,^.-  >"ils,  a  tin.  ly  wven  earth  screen  of 
copper  gauze,  which  ib  surrouiuU  -l  by  a  built-iip  .  ylin.ler  of  sh.'ets  of 
bonded  mica  %vrapped  round  whilst  hot. 

The  Inw-volta-r  wiii'linu-  are  wound,  the  innermost  directly  on  the  insu- 
lated central  core,  ami  the  '.ut.  rinost  over  the  lush-voltage  coils  when  the 
letter  have  been  placed  in  position  and  have  ha.l  a  solid  insulating  cylinder 
of  nnca  built  over  them  similar  to  the  one  built  over  the  inner  windings. 
.Xnother  earth  shield  or  some  other  earthing  device  is  interposed  at  this  stage. 


jis.  ,,„._Cr  K-Miction  of  Bmy  Transfonim.  Core  and  WMinffc 


I  try  jx 


Mix 


Ma 


A  singlo-pliasc  3o.>  A-v.A.  traii-foimtT  of  this  typo  \va-  illii-tr.itod  lu 
Fis!  XSf)"  Kx.lnsivc  <'f  medinnirnl  details,  such  as  end  plates,  Ixilt-  .iii.l 
whfeK,  it  i-  .(-'  i"' -  in  ili  ini.  ti  r,  .md  -tand-  43  in-li-'^  hiuli.  The  volt- 
ages are  ti.oi")  and  440  volt--  in  the  tw'  \Miidnii^~,  i^imii;,'  a  voIt.it;.>  ratio 
of  1  V''  I- 

The  actmU  process  of  winding  on  the  hj\v-V()it.i.t;e  windinf,"^  may  l>e 

of  intert^st  to  our  readers. 
It  i>  --hown  ill  FiiJ.  'iIm, 
\vhi(  h  i-  from  a  piioto- 
i;i,iph  taken  in  the  w.irk- 
sht'p.  Tlie  uiitini>hed 
tran^-fonner  i-^  supported 
oil  .1  iriiioxaMe  iiianthil 
iH'twi'eu  two  liead>tocks, 
one  only  of  whitii  is 
shown.  'I'lie  heavy  I'on- 
ductoi ,  it  will  he  iiotieed. 
is  ni.'ide  up  of  layei'^  of 
copper  strip,  which  are 
lioim'l  round  with  in-^u- 
latiliL;  t.ipe  a-  tlie\-  a!i' 
woliii  l  on.  The  photo- 
graph al>o  shows  otlur 
d.  t.iil-  of  the  construc- 
tion whieli  have  been  re- 
fill i  (1  to  in  prenous  para- 
graphs. 

Sandwich  Windings. 

—  Tlic  "  >a;!dwii'li  "  me- 
thod of  aiiaimini;  the' 
windim;^  has  l>rrii  ilia- 
pr  iniinatically  illustrated 
ill  1  il;>.  .S7.S.  880  and  8S1. 
It  is  most  fre(]ueiitl\'  11-eil 


Fig.  918.— Vertical  Sirti  n  .f  l'..i,v  li.ii 
athi  M.I.;  ttic  CirciLit. 


sfjrmer.  Windings 


in  transformers  of  Luge 


output  of  the  shell  type,  and  also  for  hish-vo!tat?e  working.  .\  Siemens 
tran-former  of  tlii>  typ.'  luis  iieen  illii-tiated  in  i-it;.  •'^oS.  in  wiii.  h  the  lliiii 
sandwiched  coils,  coii>ir-ting  alternately  of  hit;li-  and  low-voltage  sections, 
are  arranged  in  vertical  planes.  The  sections  are  separated  from  each 
otlur  and  from  the  core  hy  ;.t!ii)s  of  hard  wood  and  sheets  of  presspahn. 
The  latter,  iirojrc  tiim  In  tweeii  tlie  coil.-,  can  he  ]i!ainly  distinguished  in 
the  illustration.  One  of  the  adv.ant.iue-  of  the  ve  rtical  an an^ement  ol  the 
coils  is  that  it  allow?  sp;u-ts  to  'le  left  between  the  section?  and  tiie 


H'/x/'.'.vc  Loir.roLTAGE  Coils  ">7 

pr,'<spahn  and  woodon  strajjs  tlirousjli  whirli  i\w  cooling  and  insulating  oil 

(Mil  lin-ulifo  fr.rl\.  111.-  w.>'"l  .ni.l  iT.—palm  ,uv  insulating  mat.-ri.ils, 
I  ut  tlic  oil  i>  icluil  Mil       in.ivulc  llu    piiiuiji.il  iii-ulUMii. 

Thf  \v..rkin!,'  advantaije  of  the  saiulwicli  nu  th'id  is  thr  n  lu>  n -ii  ..!  ilie 
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indurtiw  droji.    f)ii  tlio  low-v<'lfaf,'o  side  it  allows  nf  coils  consi^tinc; 

II'    tui  n  ]'i  I       \  1  I  .      1  llr  (  nil  n-(  cl  lie  di      nl  "  cl  .i~  1m  iiil;  nf  ;i  A.i\< 


til 

..I 

foi  m. 


-I  '.iw  ii  in  l  i;^'-.  .Hid  wliii'li  .in'  \  h  \vs  ti^pi  rti\riy  nt  an 
nntinishi'd  ami  "f  a  tinishi'<l  aiil,  a--  niadi-  tlio  Gfiii-ral 
l  !li  ctiic  ('(impaiiv  nf  Srlii  iicctadv.  I'lif  coils  are  former 
WMiiiif].  <  (.|)|i,  r  '-tiiji-  luini;  used  for  the  low-voltaire  wind- 

.  ini:--,  .md  after  windiii-  .iii 


1/ 


'  San-lwii  S  ■ 


tlioront^lilv  baked  anil  treat- 
ed with  iiisulatiiiij  eoni- 
pciuiuK  in  tile  u-n.il  \\m\- 
1  ,id\  dr~(  I  ibi  il.  They  are 
thrii  ..mlnlly  t.iped  and 
subjeeted  to  a  final  series  of 
treatments  and  bakings. 
The  in^nlatiiin  the  eniK 
nearest  the  terniin.ds  is 
heavily  reinforced  as  a  safe- 
guard ai,'ain->t  the  e\i  i^^ie.' 
\(iltai,'es  of  suri^e:^  reU  rr'  il 
to  (Isewluie.  The  a»eni- 
bled  coils  of  a  66,000- volt 
500-ftv.A.  transformer  made 
b\  thi'  same  linn  aii-  --hnwii 
in  I'ig.  i)J2.  It  will  be 
noticed  that  the  hi  'h-  and 
l(i\v-\(iltas:e    ceils    :ire  in 


1  be  Witii!in 

-iMiips,  and  not  arran.i,'ed  alternately  as  in  the  .Siemens  tian>forinei>.. 

W  e  cannot  better  conclude  this  section  than  by  depicting  in  Fig.  c^l^  the 
interior  of  the  winding  s  "c- 
tion  of  a  transformer  works. 
r!ii>  picture  i-;  taken  fifin 
tlu  I\lt\in\\i!  A'ti/r,,-,  .md 
lia->  been  KprndiKtil  fiiMll 
a  plii)tof,Mai)h  t.ikiii  at  the 
works  of  the  British  Klec- 
trii  rr.m-lurmt f  t'oinp.nu  . 
J.imited.  at  Have-,  .Miildk- 
sex.    The  reader  may  be  in- 

trli  -ted  to  ciinilj.ire  it  with 
the  -iinil.ir  [lietLie  .1  the 
ariii.i'urt'  windini;  -ln'p  at 
Me^-^rs.  Mutlier  anil  I'latts' 
works  given  in  Fiy.  Ho, 
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VI.  — i)iiii:k  iu;iails  of  coNsiun  imn- 
Connections  to  Terminals. —Tlif  c'lmicc  tioiw  di  tin'  oloctiic  circuit'; 

of  .1  li.in-foriiu'r  to  it-^  tfiiniii.ils  by  wlnrli  it  i->  to  hr  biuiiuiit  into  M'!\-ir, 
arc  (luitf  siinpk',  tliougli  sonii*  caro  i>  uect's^ary  to  secure  the  necessary 
insulation  where  high  voltasjes  are  employed,  and  to  guard  against  surges 
especially  in  the  case  of  ta|i|iin^'>  on  tlie  hi'jh-voltage  >i(le.  We  are  con- 
cerned here  with  inattiTs  iiitliienrii;i,'  tiir  i oiistnictional  details  of  such 
connections.  The  ijcneial  -ulijra  of  tlie  connection?  of  tiie  circuits,  apart 
from  such  constructional  details  and  the  necessities  arising  tiierefrom,  are 
dealt  with  elsewhere  (vc  j'.i-.  s  ()_jo  to  05  ;). 

In  'iins.Ic-f^!.  i-^c  tiansfoinii  r-  witliout  any  tapjiin:,'^  tiirre  are  ^in)]>i\- 
two  terminals  on  the  higii-volta.i,'e  side,  ami  two  on  the  low-voltage  side. 
For  1.1  linary  voltages  and  services  dionite  is  used  as  the  insulating  material, 
whilst  for  higlK'r  \-olfages  porcelain  i-  i'niplo\-,Ml.  and  for  t!u:  hi^Iiot  voltaL;<s 

>A  tile  trrniin.ils  .ire  \ry\  >|)(ciall\'  ilc- 
'B  M,in\     loMii-    of  teriiiiiial 

iii?ulatoi>  lia\c  been  shown  in  the 
preceding  illustration-;,  which  should 
he  .igain  refninl  to  in  this  coinicc- 
tioii.  The  >[)ecial  terminal  lor  tlie 
highest  voltages  will  be  referred  to 
later. 

Where  the    tran-fonn'r   has  its 
iiigll-\Mltage    -i.le    (oninded    to  a 
consumer  desires  to  be  able  to  adjust  the 


O 
o 

Q 
O 


•c 
•n 


public  supply  s(  rvice  and  th 

voltage  available,  tappings  to  extra  terminals  are  supplied  on  the  low-voltag. 
side  at  a  -mall  .el.iitional  co>t.  In  the  e.i-e  inrntMncl  x>n  pa^'e  Sij;,  the 
Jolinson  and  I'liilliiK  tiausfornier  lia\  e  four  low-voltage  terminals,  the  circuit? 
being  .is  shown  di.igr.iminatically  in  Fig.  924.  The  transformer  referred  to 
was  to  be  used  nominally  for  stepping  down  from  10,000  volts  on  an  om  t- 
liead  line  to  .',,,',oo  volts  for  mining  work.  The  two  taps  are  placed  one  at 
either  end  ol  the  low-volt, winding?,  .uid  the  normal  voltage  of  .;,  ;oo 
volts  can  be  obtained  by  tiding  either  .\  and  c  or  13  and  d.  If  a  higher 
voltage  is  re(]tiired,  a  and  D  will  give  3,450  volts,  whilst  B  and  C  will  give 
tlu  lowrr  volt, 11^0  ot  . 1,150  \dlts.  The  variation  is  therefore  about  +  or 
—  5  per  cent,  on  the  normal  voltage. 

Examples  of  connections  for  tappings  on  the  low-voltage  side,  with  refer- 
ence to  the  requirements  of  rotary  converter  starting,  .are  gi\  en  later.  Be\-.  m  l 
taking  jiioper  care  of  the  insulation,  tappings  for  these  and  other  purpo?i  s 
piiMiit  no  difficulty,  and  need  not  di  iain  us  further  here.  They  will  be 
more  conveniently  dealt  with  when  the  special  purposes  for  which  they  are 
reipsiie  1  are  under  consideration. 


T.ijii'inc'-  on  till'  Iiidi-voltiiyi-  -idf  li.ivc  tn  he  in<>ic  iMitfully  (lo-i^;nfd, 
.  lii  1  ,  .  til.  \ .  li.i;:.  i-  liiulii  I  .mil  al-n  I-  A\\->  't  Ihr  1,'n  .itri  <l,int;(n- 
.1  (lotnutUT  ii(.L\\'  siiit^i-  imuiiint,'  "11  till-  -!.'!.■  tlit.  UL:!i  -lii'it  (iii-uil^ 
and  (illn  v  ac  <  iil>  iit<  ■■ii  litlii  r  ~i<lr. 

Wlifii'  sill  li  liiuii-viilt.ii,'!'  tajipiny-  air  n-.juiiiMl  tlir  u-'ial  iu.Mii  in  j);a(  - 
ticf  i-i  tc  lniii_;  tliriii  tn  a  tmniiial  l>naid.  wliii'li  inaili-  jLirt  tin-  trali-- 
toiiii.r,  in-t(,i.!  I'lii  ^iim  tip'  1.  .m:-  t..  all  iilt-idi'  -wit.  lib.  mi  '  1  and  il-iim 
^piiialK  <l<-!miiil  r-wiiihi-.  Tlii-^  tiimuuil  I'l.aid  and  .ill  ili.ii  it  ianii< 
i-  imiiicr-i  d  in  the  in-iil.itiiit;  tr.in-l< inner  dil,  and  tin-  ai  tu.d  (.iiniu  rticii 
•  ,.pni,,l  :    ni.idi'  li\  ,i  link  "i  link-,  to  ni<i\t:  wli'a  li  tin-  ii .iii-foniiir  inu-t 

:  (■  switii:.  d  I'llt  I'l  c  rrnit,  tll''  i  .l-r  (>l)rnid  llji.  .illd  till'  I'll  ihalrd  mil  nt 

ihr  wav.    riii-  ni.iv  x't  tii  .i  riiinhiniis  m<-tlii"l  nt  ihmi  i  dun'.  Init      .i  ni.ittcr 


A-s<T^'  .  •  lti.o  B*?^"^  .  '^1  c    ^ '        i*  > 


y  I 


i;       ,  iv,    l;n;-!'  '!).■  ■  ■  -,  'ir.<::.t  ;:.    ■    T.  I!uin..l  l".tl. 

ol  fact  m  actual  pr.uti.i'  a  liian::.-  in  tlir  t.^ii'in^'  i-  srld..ni  i..i'ni.d  .md 
cM\  W-  made  d.'lihir.it.ly.  H  and  when  rapul  and  frcqii.'nt  chaii-.--  an- 
.1  lit.  niplated,  the  niort-  costly  t'qnipmont  alluded  to  al)<fv<'  mn-t  he 
]i!r.\  idfd. 

The  plan  of  the  tmnin.d  l-Mid  .4  ,i  I'.rii'^li  .'/'/'<■ -^'m^,'  •Mii-i-nu'r 
d.'sn-it.ed  <'Krwliere  ip.iu-  .^r;  and  i>  -li"WU  in  Viy..        .  let- h  ih  c 

should  al-o  br  ni.idr  \n  1  u.  .^'iS,  vvlM-re  this  l-Mtd  will  he  seen  in  pn-ition. 
ill,  1,  axiinein  vit.,:;,  ..11  tli.'  lii;^h-v.  .It.u'.-  -i.l--  1-  I-',.i(.o.  and  t!  .  •<■  AU-  M\ 
l.ads  tn.in  the  r..ils  nf  each  pha~e,  th.'  pliaM-  hrin^  "  in.-h  "  r-n;:'  1..1. 
l  i\r  of  the  leads  are  t.ippin;,'^  at  one  end  of  the  win.linir.  .ui-l  lii-  -i\tli, 
wlu.  h  i-  from  ili.'  oti'.-  r  .  ud,  e..nn.-.  t.  .l  tu  th.  (\t.  :nil  t.  inniial.  1  he 
iurun-^'  in.'nt  will  l..  tt.  r  un.k  r-t.....!  Lv  r.  l.  i.  n.  .-  t..  hi^.  <C<-.  N'.k.irh 
is  a  diagram  of  the  internal  r..nn.-.-ti'.n-.  Im  l  -th  ti'-'nr.  -  tli.'  p  '  •  -  an' 
nhnkrd  \,  n.  .111.1  .•  ..11  the  hi;;li  \  ..H.n^.'  -id.'  aii.l  <(.  h,  ami  c-  un  tii.'  l.)W- 
v.  lt.'u-'  ;  thu-^  thr  \Mn.hnK         i   th.'  -  .-..n.l.u  \-  ..f  th.'  ptnnary  wimhng 
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AoA,.  but  to  avoid  .iwkw.ml  iTo^-iii--  .il  lin-  -  in  tin-  (li.i-i.im-  ili.-r  wm.l 
iiif,'s  an-  not  shown  oitpoMtc  one  anutlu  i  in  l-ii;.  <(J'>.    It  >linii!il  \n-  \v'W<\ 
that  till-  nioval.lc  links  ari'  iisid  to  niakf  thf  nusli  jum  tion  of  on.-  phas>' 
t,.  Ill,  II.  \i    ihr  I!  tirininal,  f<'r  instanic.  I)»inK  tin-  pivot  ol  tlif  link  to 
tiif  A  lappin;;'-. 

tajjpinys  are  floctiit  allv  <  onnfctt-d  to  i)n.\idi'  lor  v.ni!!!"ii-  "f 
\,,lt,ii,'c  ill  -t.  p-  of  .;;,(>  volts,  wiiii  h  i>.  .',  prr  n-nt.  on  11,000  v..ii-.  llir 
l,,\vr-i  -  iiitrn.ir.l  for  thv  (liilrn  nt  t.ii>i.iiK'-  an-  tlu-r.  for.-  H),.',4o, 


-Is 


fl-03 


t 


•  NP 


4 

I: 

i 

j 

•o  volt- 


I  u.  g2f)-C.ciiU«  anil  M.-v.  Tapi>iii;:5  of  a  Hnish  rr.an>K'riiter. 

10. '170,  ii.oiin.  ii.  ,  ;n,  ami  \iilt>.  ri-in,;  111  <-.v  }\  (-.i^<-  1 

to  thi-  Mfxt  tap  or  in  the  ia'-t  .mm-  to  ij.ooo  \-,,lt-,  thi'  ni.iximuiu  hi-li- 
voltaKO.  For  caili  of  these  the  i)n'.-s>ire  on  thr  low-volt.i;;.  -\<\<'  1-  t<<  in' 
j.;5o  I'Ut  it  I'f  courx'  thu  tuatcs  with  an\-  i  haiii,'e  in  tiie  lugli-volt, up- 

side,   i  he  a.  Mial  1  .'il-  li'.m  wiui  h  tile  lappinu  Irads  nm  are  the  three 
(oil-  "!  I  .I'  Il  lanu'-     '  il  in  hi^'.  ■"-•'It. 

The  en(l>  ol  tii<-  Kails  from  the  varioii>  coils  are  l)rony;ht  to  porce- 
lain insulators,  the  slnpe  of  whieh  is  partlv  shown  in  Fis,'.  8<)5.  Where 
these  are  inti-mleil  to  make  ( onni  i  tiuiis  to  external  eireuits  they  are  pro- 
\itli-.l  uiiii  -iiilahK  ihirnhh-  an<l  -  eket-  info  whieh  the  externa!  -  al>'-.? 
can  be  sweated.    These  cabUs  are  brought  into  the  tank  through  ia-.ulat- 
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nvr  bushes  fixi'il  in  tlif  top  fastiim  I'i  tlir  tank  illu-tiat.'.l  m  l  i;,.  04.!- 
Till  Ici.K  h.  twr.n  tlu'  windings  and  tin-  terminal-  (.n  tlif  liiuli-volt,ii,v 
.,,1,  inn  III  inMil.ituiL;  lnl"  ~  whifli.  ..win-  |..  tli.'  l"nu  .h-l.in.  li.  iw.  ■  n 
M.il-  .Mid  tt  inun.il-,  thi.inf;li  pnr.-.  l.ini  l.n^lu  -  ni  a  -i.Mit  nit.  i ni.  di.itc 

,  I.inipini,'  rod  H,  K,  socn  i:i  Fiu-  S95.  TIht  tnh.  s.  wlii.  li  ar.'  iini>.  i  \  1.  .ns 
to  hot  oil,  are  dtsifintil  to  hold  the  leads  siiun.ly  m  th.  ir  plan-  in  the 


(■\ent  of,  a.(  iilmt  .t  >iI  a  sh.ni  .mnn.  whi.  h  u.'uM  plhIuc.  Ii.-avv  .  nr 
rents  Riving;  rise  to  lart;.-  inct  luini.  al  \<'V>  v-^       the  I.  ad-. 

Til.  l..\v-v..ltaL;i>  1.  ads,  wlii.  h  are  in  nnu  ii  stuni.T  tul).  -.  ai.'  v.-rv  i  lrarly 
shown  witli  tlif  (l.'tail-  ot  tli.-ir  nioinunm>-  in  I-ii,'.  'I'li''  I'lia-'- 

,(,  b.  and  c  rise  directK  ili.-  u\>\:i  y  .  nd^  ot  tli.-  win.linu-,        l-W'  i 

en.ls  of  whith  are  to  the  neutral  bar,  whicii  is  ni..uni.d  h..ri/..uta!Iy  on 
the  damjiinij  rhannel  iron  of  the  lower  vkv.  From  tiii>  bar  the  lead  is 
taken  vertieally  to  the  "  X.i'."  tl  ig.  O^d'  terminal. 
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An  r.\.-.  ll«nt  .  \,\iniil.'  ft  tli>'  r.m-  witli  wliicli  Mu  li  tainMim-  ,iro  arr.m:;icl 
is  nivcn  ill  tli.  !!i);r-pliasc  F.  riiiuti  tninsfornu  r  aln.nly  <loscribod  (^ce 
yiiv  -  Sji  >7_".  Attention  was  .-.ilU-d  nti  ixiuc  .S71  to  tho  numerous 
liiJi-v,.|t,i-.'  t,i|.i'.ini,'-  sli.wii  111  1-1-.  >  M.  .1.11  1  I"  th.'  ^iv.vi.il  trnnin.ils  tu 

whirl.  tln-f  tapi-iiii;-  an-  l.'d.    Tin-  -Minn         Ilir  .  omurtiuiis  Mi'.wii 

.li.mratnmatioallv  in  Fit;.  <)-7.  fr.-ni  wlii.li  it  will  hr  i;atlRiv<l  that  tli.' 
tivnrr.d  iliii  1-  that  thr  lu^li- v. .It.iu'f  -idr  "  m.-ir'  cumurtra  ami  tli.- 
l,.w-vcltas^r  -i.l-  ■•  -1.11  ■■  omiir,  t.  il  with  a  hmith  ♦.■rniinal  ,  ..mi.rtt-.l  to 
tlif  n.ulral  p-iiii  -I  thr  >tar.  Ih-  "laiii  hi^h-v"lt,i;:r  t.  nuiiial-  an  nuin- 
li.  iT.l  I,  <i,  aii.l  17  ill  l  i^'.  <)i7.  P'.ir.  laiu  t.  miiiiaK  111 

l  i-  N)4,  111  th.-  liuht-han.l  s.  rti..n  or  "  H'  "  of  I'ii,'.  0-'7.  't  will  be  tound 
Ih.it  tniuiiKiI  I  w  j.  iu.  .1  thnoiLih  a  -..  li.ui  ..1  tin-  wiii.li!-  t..  t.Tlliinal  J. 
wlmh  i-  ih.  .uitial  tiTininal  ot  \hv  ma,  11  whi.i,  tapiuiiL:-  aie  hroiii^ht 
from  varioii'.  jMifs  of  the  windings.  TIi.  m  -r\  rn  t.  rniinals  ai-  all  ai  iaiiu.  d 
_  on  (ino  of  th.  larmier  trrniiuaK       l  i.i^.  N)4, 

^  B  ;uid  a  ?!  priatt;  vit'W  on  .1  larucr  m  mU'  of  one 

■E^V^B  ,1  tlKM^  i.iiiiiiial-      ijiv.'ii  in  l-'i^.  Hx 

1^^^  t.;i>].ii!i;-,      to  ,s  in  l  ik'.  t|^7,  all'  aiTani;i  d 

!  :  und  til.'  aiitr,  '  terminal  -•,  and  any  one 
,,i  th.-'  ~i\  t.i!'iini:i-,  but  only  one  at 
till!,  ,  ,,ni  \n-  j,.iii.  1  t')  2  bv  th"'  link  >liown 
I-  ji.inin-  _•  and  ,;.  Ihr  -taialird  (han^r  Ml 
the  nuiulur  ■..!  Iiiins  in  thf  leg  mu.:.-- 
siv.'  sctlioiis  arc  broiiiiht  in  or  out  by 

Fill.  9.8.-renami  Spedal  "Tapimu       coniu.tlim    th.     --u.v.-iv''    taji-    i-    -' JHT 

c.'iit.,  pr.ivid.d  thai  tlu-  l.^;  v.  lta^.'  .1... - 
not  ixctcd  20,000;  in  otlitT  words,  tlu'  iiiaxiinuin  voltatjo  bitu.ui 
sill .  (  v>ive  terminals  on  the  insulator  shown  in  Fig.  is  not  to  (  XCikI 
500  \  .ilts. 

An  important  fcatuio  of  the  sclu  iiu-  -hown  in  I'ii,'.  0-7  that  tlu^  m cti.ai 
of  the  winding  connected  to  the  "  Im.'  "  terminal  is  always  tlu-  s.im.',  and 
that  none  of  the  tappings  i-  din  ."tlv  ronnerted  to  line.  Thi-  means  that 
only  th.'  two  .11.1  -..■.  tioiH  of  th.-  winilini^  iu-.-«l  !>.-  -p.  .  iall\-  iii-iilal..l  to 
protect  the  I.-l;  lr..in  surj;iiif;>.  It  thi>  •'biill.r  "  -.-.  tioii  w.-te  not  inter- 
]io-ed,  every  si-ction  to  which  a  tappint,'  is  cmiu-ctcd  w.mld  have  to  b.' 
sp.  ciallv  in-Ill  it.  . 1  and  mechanically  strengthened  to  protect  it  from  the 

cite  t   "t  ~ill,t. 

It  will  be  noted  that,  as  in  a  prcvion-  ca-.-,  the  dil'lereiit  tappinj;-  are 
not  brought  to  external  terminals,  and  that  thi-refore  the  chani;e-over 
from  one  tap  to  another  cannot  be  made  bv  -witches  external  to  the 
traii>toinier  tank.  In  tact,  to  chaim.-  .1  t.^ppiiii:,  th.-  top  of  the  tran- 
(ormer  tank  and  tlie  lioat  have  to  Ik-  rini.j\e.l,  and,  -nice  tiie  t(-i- 
minal^  shown  in  Fig.  S94  are  all  below  the  tup  level  of  the  oil.  either 
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t!i.'    fr.in-f  u';i.  I    :iul-t  p  iitlv    litt.  ,1  .|    il.r    l.mk    or    tli.'  'n\ 

p.utly  .Ir.iiiKd  .ill  h.i.iif  .1  link  f.m  l)c  lii.iiii;'.!.     All  tin-,  "i  ."ur-f. 
i-   (li'libor.iti'lv  pbnncd.     It   i-*  ivt   inti-n.l.  il   that   .1   « li.m.;i'  .-lumlil 
in, hi.-   .  .i-ih-,    .1-    -u.  li    .Ii  iiil;.--    Mioiil.l    net    he    K.iniivd   (iftcu  ill 
.i.tii.il  i.r.Htin  .    ill.-  1.  ~t  i.ipi'i;!-;  t.-i  tin-  i>.,rt!.  ui.ir     1  \  i.t  -li-'iiM  1>'' 

,1-, .  i  t.iiiu-(l  wln-n  til.-  Ii.m-i.'ini.-r  1-  In-t  bmu-lit  liH  ,11  .nul 

the  links  i-(.iuK'Cti'(l  ;k'.  .>riliiii;l\ .    OiiK  .1  M-n..u-  .  n.m;:.  m  tli.  .  ..u.iiti.-n- 
nil!  ii.-.-.-vvit,it<'  clwinu'ini,'  tin-  n..-iti..ii-  nt  tli.-  link-.  ;m.l  tin-  .  h.HK.- 
I,,,,  ii,,n  1-.-  Ill, 1.1.-  with  .111'   .  u.-  ,111.1  \\n!i  l!;.    ti,in-t.'i      r  "  .l.-.i-l. 

Terminals.-  iln-  il.-.  m.  ,il  .  onu.-.  ti.m-  lu  r,\..  ii  lii-  ..iii-!,l,-  .ml  tli.' 
in>i'le  of  :i  transformer  t.ink  ;in'  m.i.K-  in  v.irii.ns  \v.i\-~  ->  i~  1"  !  '■' 
!iii-.-t  tin-  n'ciuin-ni.'nt-  of  K'"<'\  in-iil,iti..n  ami  pr.ividt-  .-ri-iility  ac-iin^t 
l.-.ik.it,;.'  of  oil.  T\\.)  ,i;iiii-i,il  111. -tli. .(1-  111. IV  l>'-  fitnl.  In  out-  11i-\iM«- 
con<ln.-tor-,  nuling  i-.\t(-rii.ilK  111  ili.  iii~.  K.~  .-i  lu  ..tl;.  r  conn. .  ti- 'ii-.  .r.r 
attaiht-il  to  the  n-al  teiiiiiii.iK  on  tin-  li.iii-loiiiier  it-.  It  iii-i.le  tin-  ■  .i-e. 
ami  arc  liron^lit  out  tlinniuli  ear,  Inllv  .U-M^rne,!  .in.l  insulateil  Im-liinL's. 
i:\,ini|.|.  -  ..|  -11.  h  inrtlio(l>  appear  in  -everal  of  the  illustration-  jiven 
ni  other  -e.  tioii-. 

The  other  method  is  to  provide  a  earefnllx  .1.  -1  i"!  t.  riiiiii  il  on  ihc 
.  .,ver  or  otlu-r  .  onvcnient  part  of  the  tank,  an.l  to  this  terminal  the 
,\t(  rn,d  .  ..ii.lu.  tor  c  an  be  af1aih(-d.  Manv  ditl.-reiit  pattern>  have  been 
work.-d  out  |oi-  -M.  li  insiil,ii.  -l  tannin, 1!-,  .iii.l  it  11. -.'.l  ■-.■.ir.  elv  b.-  -.lid 
that  the  voli.ii;.'  to  be  in-ulalod  profoun.lly  itL.  t-  tiie  de-i,i,'n.  On.-  or 
two  examples  liiTe  will  -iufhce  for  our  pnq'o-'e. 

111.-  ttrniin.i!-  tor  (-\i.rii,il  .  ir.  iiit-  ii-.-.l  in  li:-  1  .  n  ,niti  transformers 
described  els.-where  are  of  ih,-  ,-.  ..ii.l  type.  iii,i>inii  li  .is  th<  v  eon-i-t  ..f 
poreelain  bii>hin.!,'s  in  the  top  of  tin-  oil  t.uik.  a-  can  l»  -.■>  n  m  1  u.  .r,<i- 
1-uller  detail-  ol  these  terminals  are  >ho\vn  in  Fit;.  9.:<).  wlii.  h  an  -  n.l 
view.  ]iartl\  in  -e.  tion,  of  one  of  the  limbs  of  a  three-jihase  tr.in-foniier. 
The  bn-liiiit;-,  ,1-  tliev  appt-ar  In-ni  ill.-  ont-kle.  a:.-  -Ilam.  in  1-i,;.  <i40. 
from  which,  a^  well  a>  from  l-i.c,  929.  it  will  be  .-ecu  that  tii.  i  ,  pu^' 
( orruRations  are  inodilied  to  make  room  for  them,  an.l  in  1  i  .  oi-i  - 
?];■  -h.wn  as  lurtl!.  r  i>rot.-.  te.l  li\  ov.  ilian'.'ini;  e.ives,  whi.  h  .1..  not 
.,pi..-ar  m  I'i.i,'.  ()4".  Ike  l.ii-liii.L:-  are  pki.  .-d  k.-kiw  the  oil  floit  I- 
.le-eribed  clsewher.  ,  .in.l  tli.-ir  iiiiu-i  end-  ..n-  therefore  iniiii.  r-.-.|  in 
insulating  and  looling  oil.  Ihey  coii-i-r  of  cylimlri.-  ni.i-s,-,  of 
j.i-r.  elain,  thickened  near  the  mi, Ml.-  for  attac  hment  to  the  side  of  the 
t.mk.  ,111.1  -li^litlv  taper  Iow.ipI  .-l  !i  .  n-I.  Hi"  ..m.lu.  t.m'  p..—- 
through  tiie  hollow  axis  of  the  .ylir-.l.  i,  .md  oil-ti^lit  p.i.  kin,L;s  .ire 
tirmly  clamped  on  the  ends  by  nuts  and  io<  knut-.  whic  h  also  >erve  to 
.I'liip  tin-  lliiiiibl.-<  iiit.>  will,  h  th.-  in-idc-  ,in.l  ll;-  outside  conductors 
.ire  to  lie  -weale.l.  Uue  ol  tii.'  intern. li  I.ippniu;  i,i-illalur.-.  of  wliivh  .1 
photograph  has  been  given  in  Fig.  QiS.  is  >hown  at  k,  and  the  multiple 
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vabli-   pi  >-'itlK  ilosvii    to   tlio  coils 
}Ki>viii),  down  from  tlu-  iniuT  ciiil- 
tr,iM-.toniii  r  i  oiK  .iif  krpt  in  tlii  ii 
tul'is  until  tlj<  \    ii'.itii  tlic'         l  .It  uliiili  thf\'  iii.iki'  i  iimic  i  tii'il  with 
till'  I'oil  1  niiiliii  tors.    A  low-volt. lyi.'  l  oniifi  tiun.  inobably  for  ilu-  lu'iitr.il 
conductor  ("  star "  wimlitiy)  <  in  In-  ol)s«r\vd 


an  Ih-  trarid.  liu'  sinfilc  rahl.-s 
of  tlif  ill-Ill, itint,'  Ivi-hiiiK-*  <•>  tlif 
pi, h  i-  ,iiid  priit.f  ti  ll  t)v  iii-iilatiiii; 


;it  tlu-  hottoin  l>'ft-lianil 

r..rii,-!-.  (  r  '•■■r  ild.iiK  of 
till-  .lr,r\ !!'       ■•  iflcirr.] 

to    I'KfU  llcl  .■    (mi  p.lU'-' 

.S71  and  ()04),  but  it  m.iy 
W   n>p«Mt.'.l   Iht.'  that 
none    oi     til.'    iiitiMi  il 
loiiihi'tors  riM- 
the  K'Vil   of   tho  in>u- 


riic   lr!iniii,i!    ~lii\Mi   in  I'iu- 
, I ;,    1  ~  ,1  "  llox  trnum.il    ' li  -i,;iiril 
li\  liir  Hiu-h  Klfitrical  Kii.i;iiU'fr- 
I  iiiiip,iiu'.  and  inti'ndi'd  to  Ix' 

llttrd    111    tll<'    -id''    of    tin-    ti.p  mI 

tlu'  tank  illu>tr,itril  in  i'i^;.  ()4j. 
This  top,  it  will  be  noted,  is  of 

,  ,i-t-iroii  and  i-  fairly  deep  in  tin- 
Nrrti'  .il  diriM  tion,  Part  of  it  is 
>lio\vn  in  M  ,  tioii  in  l-"iu.  <).;o-  with 
tlif  ])orct  lain  bn-liiii.i;  h  h  p.issin^ 
tlinmizh  the  \irtiial  web.  The 
tliicknr--  cii  tin-  \\i-l>  lii  iim  iii>iil- 
ti(  ieiU  for  tin-  purjio-i',  the  bn>li- 
iiii,'  is  furtluT  supported  an<l 
-.ti.idird  h\  til'-  riiiijs  RK  on  the 
out^idL•|||  tlie  Will.  On  its  inner 
end  the  bu>liiii,i;  i-  I'icri.d  by  .1 
iiippt-r  terniiii.il  bolt  i  .  \\hi<  li  can 
be  clanipe<l  in  po>ition  hy  the 
imt    '    .iiid  r  r.  ^  b\-  wliii  li 

the  expanded  thimble  t  at  the  end  of  the  bolt  cm  be  drawn  ,if;,mi-t  th- 
porcelain  shoulder.  The  bolt  is  i>reventf.l  fn.tn  tnrnins;  in  the  in-iil  itor 
by  tlie  i)iii  l^.  The  other  nuts  x  n  \  are  I"!  ^  l.nniiiii;;  the  conducting 
strii'>>  cmniiii,'  from  t  lie  tiMii-loniier.     The  extern, il  cudiictor  is  obviously 


lii:.  -Jig. — KnU  Kitv.iti  n  ili.ili  in  st-CTivit)  of  l\.ii..mt 

1  I  [M  r. 


he   sweated  ii.*;    l!ie  thiiubliv 


■  Jli:; 


t.. 


t, 

siu  f.ice  i^  ]irovided,  but  as  the  t'lttint;  i>  intendd 
voh.ige,  the  porcelain  is  not  corriifjated 


jir.it  erf  ed  !.Mk;i;j;e 

lor  coinparativelv  low 
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I'ull  (lot.iiN  <>(  ilif  I'  liijnM-  iii.l  ili.  ir  ..iiiiu.  ti..'.i-  iii-i  l.  tl..'  tank  .i. 
KWvn  for  the  Inhn-nii  ami  I'liillii-'  tiau-luiin.  r  in  I'lai.-  \IV..  an.l  thr  .Ini.  i 
ni,  >.  in  .l.-iiin  l<.-t\v.  ..n  tli.'  t.m-  an.l  fli,-  liiuli-v.-ltai;.'  t.  miiiiaU  -li"nl  1 
I.,'  n..t.  <l.  Til.'  .litf.  Ti  ll.  -  -  .ip|..  11  niMiv  il.  aiK  ill  l  ii,-  an.l  <i,;j,  wln'li 
,lM.\vtli.'  t.TminaN  -.•iM'-'t'  K  .m  a  lai;^.  i  -.  al.  lah  .nt  ..im-  Lonth  lull  -i.v  , 
In  111.-  lii.u'li-voltat;.'  im-.'  |-i-.  .i;.Ji  fa.li  in-ul.ii-!  i~  a  lM.li..\\  i...|..iuii 
,  -  lm,lii.-  inMiiat..!-  not  <iiiit.-  n  ni.  Ion-.  .  .'m.-nt.-.l  a-  -li-.wn  int..  a  i.  ni..val.l.- 
iuil;  )•  )  Ii  .  an  1..-  .1  Mil]..  .1  t.)  tli.-  t..i.  ..t  tlf  .  a-.-,  an.l  in  it-  turn  .  laiiii.- 

.Inwii  Ih.    ,.n,.Aa!,l.   ...v..  .    vvlH.h  a.,.-         ll..    bu  .l.nij.n., 

-pin.ll.'  >  il'l.'t.'  .\1\'.).    \Miil-t.  li.nv. \.  r,  111.-  ^i.at.-i  .liaiii.t.i  ..I  tl.. 
Iiiyli-vltac.' itiMllatur  /( /)   Tli;.  <..•,->'.  wlmli  lii-  t..  -tan.l  a  vvikni^  volta^;.' 
„[  3.=,....  \..lt-,  i~  5  ill.,  tliat  of  tin-  l.)\v.v..ltai;.'  in-ulatur  i  ^l  iji.  Mjl,. 
wlii.  ll    lia-  t.nlv 
t<i     --tand  <tJ5 
v.ilt-,  i~  (.nlv  4 
in.   M.  r.-.ivi'r  til'' 
con  n_'ati.in<  of 
ll  ll     ai.'  nioif 
nuniiTiiti^  tliati 
th..-.'  ol  /. 

rill-  loii.iiu- 

t..r  c  iM-i^iim 
tlir..U'>li  ll  ll  IS 
,1  .        V  ~t.  in  k, 

',  ill.  in  ili.ini.  t.T 
ar..|  al'oiu  IJ  ill. 
lonu.  -iTiAve.l  at 
iM.  ll  .  n.l  t' .  <  .irr\ 
ihi'  iuit>  -liowii. 

.\-  an  aililitional  . 
in-ulating  priranti-.n  a  mi.anit.'  ^-Krvo.  witli  a  ^li..iiM.r  at  oi"'  '"'i 
an.l  a  tJani,'.^  rin^  at  tlu-  ..th.T,  is  ^lil.p.■.^  ov.r  tli.'  ...pixr.     lli--  -t.  ni  A 
i.  .un.Krtcd  t..  tla-  ...n.Pi.f.r  \,  %v!„.  Ii  ..m,.~  iP^iu  ......  .  ..fn.-r  ..1  tli.^ 

l,i.J,-v..ltai;."  na  di  uin.lmu  Lv  tli.'  tu.  ntvN.  rv  tl.iii  ,tni.-  ^  ot  -t.-ti  K 
.oi.n.  i  '  in.  wid.'.  The  conductor  A  -  n.  l.-.-.l  on  a  *■  pcitn  ,,^  '  in,.  . 
Nvhuh  i-  li.-l.l  in  l.oMn..n  1..,  .Innp-.  The  wi.lc  air  space,  ii.-arlv  2  in.  m 
.lianuter.  bctuc.  n  the  nil.  anit,'  an.l  tlu-  p..nvlain  .lu.tiM  be  not.-.l  :  there 
IS  no  >iich  space  in  /  /.  . 

On  th.'  l.iw-voltage  si.le  a  in.nv  Mib-tantial  >t.  iii  k.  ni.  m  .lianvi.  r, 
nas*.-=  tlii..ii:;h  th.'  in-nlat..r,  the  .  tirrent  on  this  side  Ix'iiiu  .\77  ^nnperes 
'.,L  ii,,,r    •■  ..!!    the   hiuli-v..lta;.'.'   M.le,     N"    nii.  anu.-  -Lwe 

is'^'-lii.pe.V  ..vcr  K,  but  it^  imnl,...l  ..I  ...nn..ti..n  to  th.-  traii-l..nu..T 
lea.l  is  similar  to,  but  more  substantial  than,  that  already  described. 


1!  .,  i.'TirLJi. 


I 


£L!'  rtiic:iv  /.V  T/ie  Sf.kiick  Ma.\ 


i!i<  twenty  rtiAil'Ii-  .(.)i|icr  piece*  >  I  t  irv;  i\  in.  wiili-  aiiil  carli  it  m\U 
thi.k. 

ClampinflT  of  Coils.  Nixt  in  iim^  it mt  .'  to  can  fnl  tl«-«.ii,'n  and  wi>rk- 
man-hip  in  Xhv  connuctions  iimi  tirtmnuK  is  the  n<<  i--n\  l  .i  \.  i\  iinn 

.111'  \\'  11 1111/  1  't  till' 
1  i.i)>  in  !  Ill  II  pu 
vitinn-*.  W  illi  till' 
liitji-  tr;in>niis- 

^  !•  II  •  \  -U  lll>  III 
CI' 111  Ml  (111.  Ill 

wliirh  tlion-aniN 

(  t  111  '1  -i  -pi  i\\  1 1 
iUf  liciuL;  li.iiiil- 
Ird,  it  is  ]Mi^>il)lr 
tocdncintiiitfcn 
a  sinRlf  trans- 
!■  I  nil  r  I.h  l:!'  uh'- 
1  li.inical  (iirrr'- 
cau^i'd  hv  sudden 
^nii;<s  (liic  to 
Millie  1  111 -.iki  town 
of  iii'-iil.it  ii  •!!  .ir 
ntlicr  (liltit  ill 
tlif  neii^tliliotir- 
lioi"!  ct  till 
traii>l(iiiiirr  or  in 
the  ti\iii-liiinKr 
itself.  S  u  r  h 
su  fjiN  or  ■~!iort- 
ciiTuit>  iii.iv  ii,i~-~ 
mo in  e  II  t  iir  lly 
t  li  r  o  u  ii  li  the 

tl  .Ill--I"l  111!    \  I  11- 

oiiucns  tiiiuutv 
liinnlrids  of 
linns  above  the 
noriiial.and  thi  '-i' 
cm  n  Ills  ilev  i  lup 


verv  large  mechani'  al  forces  between  the  coils  and  the  ina;,'iietic  circuit 
and  betwi  1  11  the  coils  themsi  K  e-;. 

In  till-  1  i'IHIi.-Mmii  it  -lidni.i  i-.r-  ii  nu mi"  ri  a  tint  roii'iui  t^r-  c.in-\iiiL.' 
Cr.ri.  in-.  cii i  r.Iatin;;  m  the  :  ;inie  dirrctinii  .ire  attracted  and  ti  iul  to  diaw 
together,  vihilbt  conductors  carrvinq  currents  in  opjiosite  directions  are 


Ma  IIA.MCAL  /-.A/ AC/  .    •.    .Si  Ri. 


rr|«ll.il,  ami  Uii'l  to  1>.  f<>r«  .-,1  .ii>.irl.    Hp   I.w-  .«|  tiif  nv  h.iniial  iiitcr- 

.P  lli'll  111   iii-,IM,ll  iim1>  I  .lITNlll:;   -U'  ll  MiMi  lit'   ll.iV.-  l>'  i  U   m!K  lAI'l.llIifd 

I  l-<'\vlu'ri'  111  tlii-  l>'Mik,  .iiiil  .1-   I  pi.  I!.  •   "I  ti.'-''  liW'  11  i  ill.iw- 

ill  it  in  tlic  ca>c  o(  <i  Iilmvv  --mi;  ■  thf  I'ln.lii.  ni  ,  iiuinjuuii^  t>'ii-  i.  tin* 
S.I luo  circuit  of  .1  st.iti'"  tMii-iuiiiii't  i  iinr,iii''»  tlu-m»i  lvr^  tojjrtlu  r,  but  tlio 
|Miin,irv  anil  -.icniiil.irv  ■  ml^  t.,!.!  cmi<-  .iii"tliir.  In  tli''  i.i-r  nl  tin-  -li"rt 
.  Ill  uit  of  a  pinn.iry  imi  ni-hli^  ilii'  traii-li'tnii'i .  tln'  -li.'it-i  iirnii-  ■!  p"!!!  'i 
.hl~  a-  a  ^(luiulaiy 
l  ull.  .iii('  il>  CDiidui  tiir- 
tiiul  to  inovf  auav 
fioiu  till-  ntlitr  uinil 
in,i;-i  iif  tiu'  i>iiiiMi\. 

That  thf  ihiHpT  is 
ii'it  .111  ini  iniiuiiy  'iiie. 
.iihI  til  i!  \\':x  l.ll^r 
lull  1  -  may  I"'  il'  \ '  I 
(ipiil,  will  lie  icali-id 
l)v  an  iii>iH-ction  ol 
l-'ii:-.  1(1;  ami  <i',4. 
w  I  11  .111-  rcpniiltii- 
lii'ii-  liiiiii]ilu)tni;i.ip!i- 
kindly  plattil  at  tiic 
.iiitlicir'^  -i  i  vii  r  hv  the 

(.•'lltr-\      ii[  Mr-~r-. 

I  t  u.inti.  Liiiiiti  d.  llic 
transfi>rmiT  was  not  a 

\  1  1  \  lal-;'  I'llr,  it^ 
<M|).irit  \  Ix  111^;  I  ^1) 
k\  .\.  at  J,T  |>i  IP  '!- 
tllH  I -pll.i-t-'.  till-  Suit 
ai^i--  l)i-iliL;  S.I  "Ml  and 
.((111  \(ilt~  I'll  till.'  Iil,l,'li 

■■itlo  R>pfC-  ' '•"  *i3  —I*iMi'  >  '■■"'•»'  -f  Tmii'.irnin  CoiU  l<y  >ur.!f-. 

Tlio  photographs  slimv  a  di^pKifi  nifnt  uf  thi-  I  '.il-,  wLu  h  in 
tlir  -olid  cnu-tni.  ti  iu  t!i-  ti.m-liiiir.ii  i~  .ilru  -t  iiiurdiM.  . 
.m  .i-iuu  wlii  ii  till-  di-pl.ua  nii  lit  nixiirrrd  tin-  tr.in-furnir!  li.id 
onlv  in'(  11  -witclird  nil  111  a  ^lllllt  tiiui-  whi-n  .i  -limt  iiniiil  u'-'iii'd 
on  till-  luw-voltagf  iiiLuits  i-xtcinal  to  thi'  trati>t.)!im  r.  t  uiinu-iy 
t-mnii^h,  the  niischii-f  aiu^c  in  tlirv.-  owr-pototiti.d  -afi  ty  dr\ii:es  i>l.ic  ■  d 
fur  thr  \  vw  purpii~i-~  ut  ti  .tni,;  the  i ; .tii-i- him  :  . 
,„.,■,],  1,.,!  t!:'-r  d'.M'i.s.  th'j  duratiun  ui  wliiiii  .i-  .ui 
t  xci  ptionaliy  seriiiu>  l.iult  imi-i  luuc  lici'n  vi-rv  hii' :.  fur  wi  i  ii  t, 
tiaii-lonmr  w'as  imiiK-di  iti-lv  -witiln'd  im  u^ain  •>»  tiu*  lii;;ii-vu:        m  • 


and  lu\v 
tivoly. 

il  \V  1  il 
Un  tllr 


■  ■II  tiic  mains 
A  slii'.rt-ciri-uit 
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\\w  tripping  ecar  njx-nit.-.l  ^\w\<-  ionili.i  t.iblx ,  .m<l  op,  nr.l  tlir  lni,'li-viilta;,'.> 
-xvit.li.-.  What  was  Ifft  of  tlio  slK.rt-circuit  w.is  tli.n  rcmuvtd,  aii.l 
wh.  ti  the  tr.in-f"rmrr  was  nfxt  swit<  lif<l  on  it  w.is  tonml  to  he  flf.  trir- 
:illv  'luit.'  ill  ..nl.  r.and  witliMoo,!  ,ti»  inMil.iti..n  I.M  ut  s  ooo  volt-.  Willi 
nut  luiii^'  turtli.r  .•xainin.'.i,  it  wa^  put  on  l-^l  .m.iiii  aii.l  w.i-  u-.l 
in  til.'  rondition  slmwii  in  tlu-  piiotoyrapli-  lor  tlnrr  inontli-.  Wli.n 
icturn.Hl  t(.  the  factorv  ami  tot.d  it  was  tuniid  that  tlio  iron  an  1  coppt-r 

1,,—,  -  Wi  re  ,  sartlv  t!i<-  -aliif  as 
ulirli  It  u.i^  oii-ill.ill\ 

Witil     tlll>    .olUTcti-  i\,impli' 

bHorc  US  it  will  hi-  int<i>  -'nm  to 

rx.imiiir  wli.it  i~  now  iloiU'.  ill  tlu' 
lii^lit  oi  -111  h  r\]>(  ri(  iar^,  to  ,1,1111]) 
the  (oii-  iiioH'  liiiiih  . 

In    tluir    nn»t    uniit  tr.iii- 
fonncrs  which   ar,'  liktlv  t<> 

i  \po-,  cl  to  roiit  mi;,  lli  ir-  v,  hi,ii 
iiiav  i>nnliuf  till-  n-ull>  jiwt  n- 
firri'd  to.  Mcs>rs.  Firraiiti  havf 
introihi,  nl,  li.ilt-w  down  tli>' 
linili-  111  III!'  luk'li-voh.i!,','  Ix'lt, 
wh.it  iii.i\-  !»■  I'p-iiilird  .1-  (1,1-ti. 
shuck  ali-oiiui-  in  tiic  loim  of 
coiled  si>riii,i;-  made  of  llat  -trip. 
Tilt'  ]io-ition  .md  ~!i.ipr  o!  tlic-c 
spriiiK-  I. Ill  111'  >>tii  in  iiJ'i. 
which,  as  ahtadv  t  xiilaiiu  i,  i- 
a  vii  w  li.df  in  -t  ction  of  the 
,11,1  limb  ol  a  tlirc-pliaM'  traii-- 
ioniK  r.  I  wo  ,.|  th,'  -]iii;:^-  an 
-hown  in  the  lull  <'ii,l  \  itw  on  tli,' 
riirht,  and  om-  in  the  half  m  ,  tion 

Kig.  1,34.— Uisplacemeiit  of  Iran-i.Timr  I.  li  .  ,        t|,,.    \,  \\ _      IVolll    tln'    lalti  l'  It 

will  be  noted  that  the  similes  ate  in-crtcd  o„tM,l,.  the  ni-ulatuif;  Mil,  id 
which  divich's  the  low-voltat;,'  inner  roil  from  the  en- m  hni;  liii;h-v,,ltai;e 
oiU.T  coiK.  Miould  Ih.  latt.  l  b,'  foi,  -l  apart,  a-  n-  l  iy~.  M.;,;  ar„i  ...',4. 
the-e  -i.rings  will  take  up  at  lea-t  juil  ol  tli,'  -u.ldea  >lioek.  an,l  partly, 
if  not  wh(.lly,  re-lore  th.'  oils  to  their  original  jx^ition  when  the  thiK-k 

ha-  pa— ,  d.  -11  1 

In  th,'  ni.i-ii  I  i.'ii-.t'  y»:,y  il-ii;.  No.=Sl  it  will  be  notic'd  that  there  1- 
a  gnn-metal  caMiii.  ..n  tl.,  top  ,a  tli.  lii.'a-s  oha^.'  wiii.l.im-  win,  1,  .- 
damped  to  the  w<  l.  ot  the  lower  channel  iron  by  long  bolls  win,  li  run 
down  the  outside  of  the  windings,  six  for  each  plate.    The  bolts  arc  pro 
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-w 
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,  ml.    \\  1h  n  1 1.1-  -I 
tlu'  flat  low.  r  1  nii  pn 
llif  tlini-t  blurk  K  K  il  b 


iimli  tin- 
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t.  rtdl  bv  in-iilatiiiL;  tubr-.  ..ii'l  -  .  un  lv  !i..M  t!ir  windini;-;  ai;ain'it  anv 
f.  nil.  iK  V  to  hdii/i'iital  mi.ti..u  l>v  in.Mii-  K'Iil;  iii-ulatun,'  ['ackiut; 
jiiiccs.  Wrtu-al  sla<  kii'--  r.ni  I-  tak.  n  ii]>  W  p.uaii-  >■!  ilf  mit-  .im  1 
luik-nuts  on  thf  tup  ut  the  i  l.imi>,  ami  it  di  . mt  ii  iui-<  s>ai  v  -t^'iii;  -prui.;^ 
l  aii  be  undrnu  atli  th«  -;f  mit'<  t<i  take  up  aiitornatu  allv  any  n«  ^  a- 

-i^.iial  -lai  km— .    IIk-  1.  .w  vi  ill  .il'!' win.  liii.^--  .lu-  separately  i-lanipo'l  by  gun 
iiu  tal  rings  litltl  tlnwn  liy  pirn  him;  m  ii  \v~. 

Tlu'  above  shows  the  apphiation  of 
( lainjK  to  "  roil'  riilrii-  "  \viii<hnL;>.  The 
piim  iple  of  a  coil-t  lainpini;  <li  \  ii-e  apph.  il 
bv  Messrs.  Joluisoii  .mil  I'liillips  to  "  sand- 
wich "  windings  is  giv<  a  in  Fig.  <U5-  '"''l 
an  illustration  of  an   artual  application 
aiipe.ir-  i.i  i-r.:.  o  /'.      In  i-ig.  <i ',5.  wbii  li 
is  partl\-  ni  -cction.  om-  lin\b  oiil\'  of  lln' 
three-phaso  tran-foinn  1  is  shown,  riiere 
i-  a  Ixittoni  movable  clamping  plate  B  B,  K 
which  is  in  three  sections  to  allow  of  each 
-I  t  of  coil-  brim:  li.nniM  d  -ri>,ir,iti  l\  .  Tin- 
top  d.imping  pkite  T  1  i-  fixed,  and  extend- 
over  all  the  section-:.   On  the  top  of  the  top 
i       thii  i  i~  .1  1  lini-t  bl-.  k  K  K,  ,ind  tlmnigh 
tin-,  tliro\igli  the  top  (Limping  pl.it.-  T  T, 
and  through  the  iron  of  the  i"ie  .  Linip-, 
the  ten-ion  rods   KK  pas-:   (mly.  The 
upper  end-  of  llie-e  H'lK  arc  bolted  to 
til.'   t.  ii-i-M    \ok.-   V  V.  .(ii.i  thi 
inid.lle  ol  tin-  yoke  tlieri-  p.i— t- 
sqttare-threaded -cn-w     which  is  prolonged 
.  l.mii 'H!l;  --pii!"!!'-  .  \vith  a  sijuare 
i-  tniii.  d  -o  that 
~  .1:1  till-  I  .  iiti.  .-I 
.  t>b\  loll-  til.Lt  till 

!..,!-  H  K  are  thrown  into  ten-ion  and  tighten 
up  till  -  bott.'iii .  lanipiii^  I'Lite  1;  l;.  tin  n-tiii-,; 
the  colls  ag.im-t  the  top  I  l.uiipillg  pl.ili-  11- 
The  arrow  heads  indicate  the  dire.li..n  of  th.   I  -i-.  -  bi..Mght  int..  pli\. 

A  tran-t..rmi-r  of  quit.-  n-cent  <le-ign  to  whh  li  this  cl.mipiiig  di-M.  e 
h.is  bel  li  .ii.plud,  and  wl.i.  h  im  i.l.  utallv  mav  seiv.'  as  an  example  of  a 
"core"  transformer  with  " -.nulwi.  h  "  bindings  is  illu-trated  111  l  i; 
OV.  The  various  parts  ,,l  the  clamiaiig  device  will  readilv  be  made  out 
from  the  foregoing  description.  Where  possible  the  same  n  fi n-iice  letters 
have  been  nserted.   It  is  intcrestiiiR  to  nott  that  the  ends  ot  the  clamping 


r 


R 


Fig.  vi5.— Johnson  anJ  V\  U  ip»  CUii  i  in.' 
Satittwich  Wiinlin^'«. 


ELECiRicrn-  is  the  Service  of  Mas 
spindles  are  carri.-l  almv-  of  the  -il.  ^vhm•  they  arc  lightly 

cht^ned    Bv  --crewing  down  the...  >,.n.Ue.  any  >lu.nka,e  of  e^.l^  dmMu 
Stan  be  taken  up  without  nmovin,  the  transforme."  fron,  tank^ 
by  wh...  L  transh.nuer  can  be  UCted^  of 

i  nn^i^tin^ii  "iilv  of  two 
bottom  iio--.  -  pieces 
and  four  \-erlical  i  jds, 
Mipported  a-,  shown 
eniUnt;   in  ev,- 

alMi  MTve  to  clamp 
tlie  vokes  to  the  rest 
ot  the  carcass. 

It  i>  obvioii^lv  im- 
IHi^-ible.  witli"iit  iiii- 
ilulv  estendiiit;  this 
,  h;ipter.toi,'ivedimen- 
^iMii'  .l  ilrawin^;-  of  all 
the  varieties  of  tran>- 
fornicrs,  but  it  is  per- 
il.ip-  desirable  th.it 
,„„.  >uch  drawing 
.-iioiiM  be  avail.iM" 
for  reference,  auvl  the 
above  transformer  ha^^ 

1,..  ,1   M-lr.  t-1    l-I-   th  • 

inirpose.  By  the  i  our- 
tvsv  of  Messrs.  John- 
-,.u  .md  rhillips  there 
,irc   >hown    in  Plate 
XIV.  three  vieu- 
the  transformer  with 
a  sui'ticient  mmdier  of 
p.nt-    in    -'tion  to 
ilimeii>iou-  the  ni.iin  le.ituii- 
I'uller  details  of  the  teruiinal 
in-nl.U..i,  have  K^eu  aln.elv  t;iven  m  F.^^.  m.U  and 

•  Ihe  Mansformer  is  three.plia.e,  and  ha^  a  capacitv  ul  po  A%  A  at 
4„  per.od.  the  volta,v>  beins  5o'»o  •'-'.^  ^"ul  the  current^  ,>t  In lldoad 
^    '      >   ...^     1 1„.  top  l,  lt-ii,nid  drawiiif,' IS  a  front  vertical  view 


Vvi.  OJ6.  -I"hn»o»  ana  PlaiU,;^;  C  ;e  Tr.>nsfornjrr  wUl,  Sandwich 
*■  Winding,  and  Special  "  CUmiimg  Device 

m  il.].'  the  ivi  lrr   to   t..llow  witli  actual 
and  .,ppi..\nnatelv  the  d.'t.iil-  of  th.'  d.MKU. 


ot  the  traib 


onuer  with  the  nj;'ht-h,.nd  hiub  ^ho^va  in  sivtiou.  thus  giviuii 


■with  thr  liMttMiii  li  It-li.m.l  .liMwiiU'.  1-  .i  lii.ri/.-nt.il  -1  rti.iii  thu'iiL;li  tlu- 

thrtr  limb--,  fill!  ill  t  ill-  i  t  the  iii,ii;iu'tii-  i  iii  iiit.  1  lio  iii.iti  ri.il  usiil  is  st.iUov. 
14  mm.  tliii  k,  tlu'  li.  iiMiu  \oke  hi-iiii;  intirloavivl  .iml  tin-  top  yoke  butt- 
iointfij.  thi>  bciuf;  rt  iukrcil  nc'tssary  because  ot  the  cl.iinpim;  arrani^fiiu-iit-^. 

The  spai  f  fx  t  iipiiil  tiv  tli  i  trii-  l  in  nit»  is  >hii\vii  in  ^rrtimi.  ilu» 
liiuli-  .mil  liiv.-\iilt.ii;r  wiiiilih:.;-  In  iiu  1 ! i-I ii i-;in -hi  ■  1  l>v  tin-  Irtli  i-  11  ,mil  L. 
l"ii|"  the  liii.;li-viilt.i;;r  l  iiiiiit  llu'.f  .ifi-  two  iniiipK  ti-  aiiil  two  li.ilt-i  >  lU 
(at  top  and  bottom)  it  per  limb,  all  thi  si'  brim;  in  sorirs.  I'nr  tlu-  low- 
\i.lt,i'^"  1  irriiit  tluvi  iri-  tiiifi-  i  niiipli  t^'  inii-  i.  I'l  i  inu!i,  ...nui.t,  1  n: 
ji.u.illil.  l!.ii  li  II  .mil  cull  I.  inil  i-  -plit  iiiln  twn  timis.  uiu-  wmiiul 
normally  anil  tlir  ntlur  in  tlir  iiAii-f  iliiiitinn.  >o  .i^  to  brinij  the 
bfi^innins,'  and  the  t  ini  of  tlu-  winding  both  out  at  tho  outer  periphery  t>f 
the  coils  to  avoid  rrossim,'  of  connections.  Each  low-volt. i^'c  !i.ilf-coil 
i  ini~i-t~  lii  i.<  tiirn~  in  l,i\  i  i-  i.i  niir  tiiin  r  1.  li  ;  tliii-  tin-  \i>lt,  lu  t  w.  rn 
lavcis  is  11, MT  more  tli.in  the  \iilt.if.;e  per  iiini,  uiiii  ii  m  tlii>  t  .i-c  is  10 
volts,  (piite  a  safe  and  rea«lily  insuhiteil  voltage.  Tlie  liif;li-voltaL;e  <niis 
on  the  <ep.ir.ite  limbs  an-  "  nu  sh  "  coimertcii.  iiid  the  low-volt. il:i'  imls 
"  st.ir  "  11  iiiiiei  ti  ll,  with  the  nelltr.ll  point  earthed  :-s  re.-"ired  bv  the  r.n.u  1 
of  Ir.hli'  rii.;iil.itioii-.  the  tr.iii>tormer  beinn  tur  u^i'  in  a  ciiMirrv. 

A  pergamite  cylinder,  ^(15  mm.  in  internal  diameter  and  7  mm.  thick, 
is  slipped  over  the  core  iron,  from  which  the  coils  .ire  further  separated 
by  I'cru.imite  1  iL;lit-.iiii;le  ci'Il.ir-,  tlii-e  ri'llii-  -iixiii;.;,  \vit!i  .hiilitiniiil 
insiilatiii:,'  i).ii  kiiiL,',  to  M  ji.ir.ite  the  i!  from  tin-  i.  1  ml-.  I'lirther  iiiMiLitnin 
is  provided,  top  and  bottom,  by  micanite  rini;s  1-5  mm.  tliick,  beildcd  on 
leathtroid  rini;s  0-5  mm.  thick,  interpus,.,!  between  the  extreme  coils  and 
the  clanijiini;  plates.  For  cooling'  pm  poses  noti  In  s  2  in.  wide  b\-  in, 
deep  are  pro\iilr.|  top  and  bottniii.  Ihe  1  l.uiipiiiL;  pl.ites  \  \\\.  tliirk. 
there  beini;  one  pair  for  each  limb  at  the  bottom  and  one  loni;  p.iir  lor 
the  three  limbs  at  the  top.  They  are  sl(jtted  on  alternate  sides  on  the 
ci  ntre  line  nl  1  ,u  h  limb,  as  to  ilimiiii-li  cddv  ciii  iriits.  Thr  mi'  i.lc 
<!inii  n-imi-  tin  1  r.iii-ti  iiiiii  r  witlimit  it-  t.nik  .iii-  t_  ui.  Iniii;  by  j.;  in. 
wi.lr  li\  ;     in.  iiii^li  to  the  top  i.t  tli.   luting  tyc-hi.lt-. 

I  he  rif;lit-hand  drawing  >hows  addition.il  details  ol  the  clamping  arrancje- 
ments,  of  tlie  hit;h-voltai;e  and  lo\v.\,iIt.it;r  termin.ils  and  of  the  f.ink.  The 

1  l.inipin-:  .III", mil;!  .Hi  nt-  111  i  d  iii't  !>  ■   luitli'  i    .]. -1  ril"  .1.    1-  nl.  i.   in 

al-o  be  m.ule  to  till'  i|ia;;r,im  111  I'ii:.  0  ',5.  .iiid  the  tcrniin.il-  .iiid  detail-  oi 
connections  wiiich  are  dealt  with  on  page  oo.H. 

I'lit-i.l.'  \  ir\\  111  till  t.ink  1-  cixrii  in  b'u.  It  i-  111. ule  .ii  in 

boik  r  pi.it e.  .iiul  i  -  ol  tin- 1  \  pi  w  hk  h  ii.-i  -  vei  tu  .il  1  ul  i  ii  ciil.it  iii^'  .iiii  I  1  .ii  li.it  ni.^ 
tubi-.  Ill  whiili  thrii-  ,ii|.  two  rows  on  eai  h  of  the  four  sides.  111.  lulu-, 
whicli  are  ma<le  of  stit  l  and  ari'  1  in.  in  diaiiu  ti-r,  ,ire  od  in  number.  Tlie 
inside  dimensions  of  the  tank  are  54  in.  by  in.  by  77  m.  liigli,  but  the 
extreme  measurement  over  the  pip-s  is  7^  in.  !)y  44  in.  approximately.  Th« 

no 
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averall  lu  ight  to  tho  top  of  the  terminal*  is  8  ft.  The  vaUie  of  tlie  atkli- 
tiDii  (i(  thr  r.iih.ilin:,'  pipi  ~  i>ii  till-  (iM.liiiL;  nf  tlu'  nil  can  he  iii[crir(l  from 
thu  f.i' t  tli.it  thr  iMili.itin^:  -iirt.n  r  ot  tlir  t.mk  -iiK'-  is  about  <i7-,S  -q.  ft., 
ami  tii:it  fill'  niili.itiii:,'  >url;in'  ut  tiif  tulio  i-  J5J  m|.  It  .  nr  ii<  iily  fmir 
times  tliat  of  the  siiles  of  tiie  tank.  The  permissible  temperature  ri>c 
is  40"  C,  the  ir->n  losses  being  2-8  kilowatts  and  the  coijjht  losses 

4  J  kilnU  ltt>  .It 
lull     llMil.  It 

tliere  were  no 
other  radiating 
surfaces  this 

wiiiiM  inr.iii  a 
railiatidii  of  zz 
watts  per  scpiare 
tiHit.a  li^uri'  wril 
witliia  till'  r.inL,v 
of  as(  i  it.iii'.cil 
emissivities,  fur 
a  ni  a  x  imam 
ti'mpri'.ituii'  rise 
ut  40  .  At  the 
left-hand  side  of 
the  t.mk  in  Fit;. 

tliiTi'  will  lie 
111  it  i'  1  '1  a  pi  irket 
through  which 
,1  thermometer 
1  .111  be  intro- 
liUl  cil  iiitc  tlu 
tank. 

In  eonclusi(in, 
it  iTia\-  be  of 
intcii'-t  til  note 
that  tlu  trans- 
former weitjlis 
5,fii"i  lb.,  the 
tiit.il  weight  biing 


r,-J^lu 


1  riiillii»..  1  Miisfv'ni.Li   r;\[ik  with  l<.idi.iliiij; 


t.ink 


J40  lb.,  ami  the  oil  ( jou  f,Mlli)iis)  .^.57"  li>..  tlu 
thus  10,410  lb.,  or  Iwtween  4  and  5  tons.  The  transformer  i>  >o  bulted 
to  till-  tank  that  tin  wlmle  can  br  liftnl  bv  the  t  vt-lmlts  seen  in  Fig.  937. 
The  littmg  iKilts  ill  wliu  h  these  i  vt-bnlt-  ,in  attai  lud  arc  made  of  forged 
steel,  and  are  of  ample  strength  for  tlu  weight  t"  be  carried.  The  vhnk 
trinsfonner  is  designed  to  withstand  the  rough  handling  which  so  oltcn 
is  accorded  to  such  equipment  in  a  colliery. 


Am-COOLED  TKAN.SfOltMKRS 


Mi.      llll    I11..IIN1.  I'l  rKANSKOKMl.KS 

As  witli  other  iniu  hineri-  and  apparatus  wsi-«l  in  lu  aw  i  K  ctrical  t  iitjiiin  r- 
inu  tlio  load  wliii  li  ,1  ot  itic  ti.in^tonnt  r  laii  cari  v  il<  pi-nds  in  tin-  ru>'t  place 
upi'ii  the  maxinuiin  ti  iiiin  i.itiiif  at  \vhi<  h  it  i--  pi  rmi^^'iM''  for  it  to  work. 
Thi'  principles  and  ctm^idcration-i  liniitiiii;  thi^  ti  iiipi  i  ituu'  have  t>i .  u 
more  than  once  referre<l  to  in  the  prectihnK  pam-,  an<l  iiave  l<d  to  the 
acceptance  in  mfnUm  practice  f)f  a  tennu-ratiire  rise  in  Britisli  built 
ti.iii~form(T>  i>f  5(1  ('•  i>r  (»n  I'-  a-  hiiiii,'  about  a  km-' mable  liniit. 
On  the  CoiitiiU'iit  ,1  mi-.itrr  ri-f.  ahoiil  iio  f.,  1-  li niiiriit Iv  allowed, 
whilst  in  tlie  I  niti  d  Mati>  liif  limit  is  usually  lowt  r,  Wu\^  Ix  twi  en 
35    and  40  In  dealing  with   thi-  causts  which  affeit   the  tini- 

peratiirc  <il  tiif  static  transforimr  tlie  general  omihtions  are  failly 
siiuiilc.     The  t.ital  liiat  i'lodiicc.!  in  a  tnr.c  1-  a  nira-uir  <  •  tin' 

capacity  and  the  rliicieucy,  or,  more  correctl\-,  tin-  iiiiljuuiiiy,  <■!  th<' 
transformer.  As  the  licat  is  iirwhiced  in  the  co]>jht  and  in  t!  ii^n  .uo  rd 
itm  to  law  which  liave  l)r,  ii  .  an  tullv  inx  i  -tinatcd.  the  cat.  uiatiuii  of  its 
r.Ue  ol  pro(hu  tion,  .i-.  -hnwn  .  l-i  wh.  tr,  is  a  comparativclv  ra-v  in.itter. 
There  is  notiiinu;  of  the  natm;-  "I  tlic  Iricticn  n\  luarin--.  wind.mr,  or  ,inv 
of  the  other  disturbances  causiil  by  the  motion  of  masses  oi  materi.ds  to 
complicate  the  calculation.  The  rate  at  which  the  heat  can  In-  dissipated 
or  t;(>t  rid  ot  deixiKk  upon  thr  arranxeminl^  ni.id-  with  thi-  oliject. 
whicli  we  shall  now  tUscnhc.  It  i-  olnious  tii.it  tiic  nioir  lapi'lly  tiie  h.-.it 
can  \w  abstracted  the  more  rapidh'  mav  t  be  proihu  i  il  .iiid.  ceh  ri^  fmrihiis. 
tin  l,u-rr  the  lo.id  which  can  be  pl.iced  upon  a  siven  transformer. 

riic  in.  tluid  .idoptc  il  tor  cooliny;  the  transformer  ha-  been  sufijested  on 
pai,'c  N.4  as  one  ot  tiu'  l>a-e-  <if  ,  l,i--iti(  .itioii,  ,md  it  1-  .1  Im-i-  which  lia^ 
imich  to  recommend  it.  The  methods  there  enumer.ited  tall  into  two  hro.id 
tyiHS.  namelv  (1.)  those  in  which  the  only  faciUties  provideil  are  thoM'  wliicli 
an  inhen  nt  in  the  p.irticul.ir  di'si-jn  in  whicli  the  m  ee-sitv  for  facihtatiut; 
the  passiiifi  aw.iv  of  the  iieat  by  condiutioii.  r.idi.ition  and  c<mver-tion 
liave  been  steadily  kept  in  view,  ,ind  (li.l  tho-e  m  wiiieh  ,iddil  on,,!  h,  it 
cariii  i>  ,ire  deliberately  introduced  to  exjiedite  tlu>  dissipation  of  the  w,i-te 
heat  product  <l  in  wotkiim  the  transformer.  In  this  section  we  shall  follow 
the  el.i  — itiration  -  t  out  on  p,i^'    >"  p 

Transformers  Air-cooled  by  Ordinary  Radiation,  li'  L:ie,it 
majority  of  small  transfonnors  fall  into  this  da—,  .mil  the  mo.jineatioiis 
in  de-imi  intended  to  faeilil  ite  the  conduction  of  the  heat  from  the  pLuc 
where  it  i-  piodueed  to  the  Mdi.itiiifi  surface-  have  bei'U  indicated  in  the 
description-  of  paituiilar  tr,m>loniur-.  In  -oui.  <if  llie-e  the  de-ii;!!  aids 
the  circulation  of  the  cooling  fluid,  air  ur  oil,  tiiroiigh  the  body  of  the  tr.in-- 
lormer.  and  this  facilitates  the  cooling  witlnmt  any  trouble  to  those  in  charge. 

Where  the  transfonner  for  reasons  connected  with  its  use  has  to  be 
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either  "  w^mi-i'iii'lu^i'il  "  "r  "  fmli>-i  il,"  (^ic  |),i.;r>;  Siq  and  865).  the  en- 
closure is  frcquiiUly  di>iK'ncd  to  assist  thi-  railiation  of  the  waste  heat. 
Thus  the  cnrlosinc;  box  or  tank,  when  the  tran^formrr  and  the  amount  of 
heat  to  be  <hs»ii'.itiil  ^111. ill.  111, i\-  li.ixr  a  -iiini  th  ^url.irc.  t'li^  is 
the  cheapest  to  make,  liut  tho  surf.ici'  nuiy  he  scmi-corrunuti'd  or  fully 


Fi|!>  938.— Dtfign  of  a  i.ooo-kv.a.  TnuuTormsr  Tank  (dimensions  in  millimctm}* 

corrugated  for  hirger  transformers.    Illustrations  of  these  various  types 

app<  ar  t  lst  wluTi'. 

Oil-immersed  Transformers.— Somewhere  about  iSqo,  the  dex  ice  of 
immersing  the  tran<;fomii  r  in  a  hath  of  insulating  oil  was  intnulucnl.  partlv 
to  improve  the  insulation  in  keeping  moisture  from  the  textile  materials 
used  to  insulate  the  copper,  and  partly  to  prevent  the  breakdown  of  the  insu- 
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lation  by  lii-h-voltat;.'  liL^htiiiii^'       li.n  .;.-.    If  ml  li  ;i  iliM  ti;iru.'  tiik.'*  pl.ire 
in  oil  tlu'ii  in  many  caM-s  the  oil  w  ll  lapully  <|u.  in  li  tin  -p.nk  1..  tlu- 
damaup  has  bocoirif  Rt<rir)us.  and  fl<>win«  into  thf  -p.K  <•  win  r.  tin  -"p  nk 
,K(  urnd  will  autmnatit  allv  n  -lnrc  tin-  iii-iil.itioii.    In  practiiv,  howi"V»  r  it 
wa-,  M.un  loiiml  that  the  pn-.-mv      the  oil  low.T.'.l  th.-  t.'mpcraturc  of 
till'  transforiniT  or  allowed  tlu-  tran-tornn  r  to  t  ikr  a  In  avi.  r  loa.l  witlnxit 
txceeding  the  sclu'dukd  tt  mpiTaturi'.    This  i>  bcraux'  th.'  tiit-nnal  iapa«  itv 
of  oil  per  unit  vohimo  is  verv  much  higher  than  the  thennal  capacity  of 
air.  the  ratio  Ix  iii-  ah.nu  i.  -,.,0  to  I.    Little  or  nothing  is  known  about  the 
tr.iiisfir   ( ondut  tivity  undrr 
the  conditions  of  transformer 
workiiii,',  l>nt  a^^iiniint,'  that 
tln  ic  1--  lio  ijit  al   (littiTi'lli  I', 
ihi-  lilt  an-  that  l>\-  its  hii^ln  r 
thiruiul  capacity  the  oil  will 
take  more  heat  to  bring  its 
ttiiiiviatun   11])  ti«  tin  limit. 
In  the  meaiitinu',  however. 
Ixnng  a  fltiid  like  air  the 
wanned    oil   floats  upwards 
and  eonit  s  into  contact  with 
the  walls  of  the  tank,  i^ivinf; 
up  part  of  its  heat,  which  is 
conducted   to  and  radiati>d 
ti(pin  tin-  (-xposed  outi-r  sur- 
face of  the  tank.  Anytliini;, 
therefore,  that  will  tend  to 
pidini.te   the   circulation  of 
the  oil  in-ide  the  tank  and 
to  radiate  tin-  ln.it  from  the 
outside  will  teml  to  raise  the 
workint;  capacity. 

l  \ccss  llii-l.l  of  Tank-.  <  'in  -imi'le  method  of  increasing  the  taeilities 
lor  coohng  wliri>t  ^ecunn«  other  advaiitatjes  to  compensate  for  the  increased 
over-all  dimensions  is  to  make  the  tank  of  a  vertical  hemht  imn  li  i,Me..ter 
th  111  tha*  of  the  actual  transh)rmer,  thus  providing  an  upper  chamber  wlneli 
allows  a  gn-.iter  .piantitv  of  oil  with  .  corres-.x.nding  increase  of  thermal 
capacity  to  be  used,  and  in  whi.  li  tin-  In  ated  '.il  can  colleet  clear  oi  the 
working  parts  of  the  transformer.  A  compari>on  of  the  heiL;lits  of  the 
Johnson  and  PhilliiK*  transformers  shown  in  Fig.  with  the  hei«ht>  of 
the  tanks  in  which  tliev  are  to  be  immersed,  shows  the  extent  to  which  thi> 
principle  is  carried  in  some  mo.iern  air-cooled  oil-insulated  transformers. 

Fuller  details  of  these  tanks,  with  actual  dimensions,  are  given  in  Fig.  gjo. 


~  l\>p  of  Ferranti  TraiisfoniW  Tank  befure  Oil 
i»  l''illcd  In* 
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which  is  a  skeleton  rlrawinp  nf  a  tank,  half  in  section,  for  a  i,ooo-*v.A.  threc- 
pti.iM'  traii-formt  r.  The  initliiic  of  the  transformer  and  its  |)riiH  ii)al  diiiiin- 
sions  art-  a\^>  t;ivi  ii.  Jt  will  In;  noticed  that  whilst  tiic  ovir-all  laiglit  of  the 
transformer  is  1,256  mm.,  the  over-all  heif^ht  of  the  tank  is  2,100  mm.,  an 

ini'ici-i'  of  ()7  ]HT  relit.  I'lii-;  .illnvvs  for  .1  ileptli  111  i.Soo  niin.  of  oil,  wliieh 
is  nearly  I.J  times  the  lieit;lit  of  the  traiistoriner,  uiul  laUul.Uion  shows  li.it 

the  volume  of  oil  for 
which  space  is  thus 
provided  is  alwut  live 

lillle-i    tlir    \iillime  i>l 

tlie  transloniier.  Tlie 
lank  is  f)8o  mm.  witle, 
measiiied  to  the  ex- 
lieiiK    limits    of  the 

Incidentally  this  in- 
crease of  top  space 
en,i!)lr^  tlie  ti  rmin.ii-. 
l-^  well  as  tlie  ^■()ll^  aild 

(ons   of   the  trans- 

!..llllel-,  til  l)e  im- 
;iii  I  d  111  t  he  i  lil.  and 
-.il!M~  |ur  them  the 
I  Ivaiitaj^es  ol  oil  in- 
itiation. .\  perspec- 
:  i\  e  \  \i  w  limn  alii)\  e 
1  one  ol  the  Ferr.mti 
tr.insforiners,  in  which 
t  :i  — ■  aihantages  are 
.  nil  t  il,  is  shown  in 
V'.'j,.  o.V).  Tlii^  ^hnws 
the  top  of  the  trans- 
former, the  coils  of 
which  were  iliii-traled 
in  Fig.  S()4.  In  tins 
case  the  level  of  the 
ti.p  'A  the  nil  is  abi.ve  tliat  ol  the  exits  bywhich  the  lead--  le.ive  the  tr.ui- 
lormer  case,  which  necessitates  tiiese  exits  beiiii;  vew  carefully  bushed 
to  prevent  leakage  of  oil.  For  this  purjiose  oil-tit^ht  porcelain  bushings 
as  shown  are  u~i  d.  and  thus  every  part  of  the  electrical  circuits  within  the 
tank  is  oil  iii--irialed. 

An  external  view  of  the  oil  tank,  showing  the  high-voltage  terminals 
emerging  through  the  jx)rceluin  bushings,  is  given  in  Fig.  940.    Ihe  tank 


1 


r 


Fig.  940.— Oil-T.mk  fw  Kerranti  Thr«-phase  Transfurmei^. 
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i1hi*trateiJ  is  for  tl..-  j.h.-*v.a.  m/.o  .l.'^:ii»Kil  ...1         S;i  :  it  ^  5"  '»• 

4.,  in.  widr.  ,111.1  71  in.  iiii;!'-  .    ,    ■      1  »   «  I. 

\n  .iltMuatn.  n>.  tl,...!  t,.  l-iiu  u,.  Imm  tlu-  t.rn.inals  uisuUt.Hl  Ica.U 
tot■^ith..!,.^^.ll.aH.^,■  tl,r  l-vrlnt  t!>.-  .11.  Il.i>  Ik-  tl..  a..,,.lv,,nt..^;i. 
that  tlu-  ...1,  bv  tlu'  .i>  ti..„  ut  Miil.i.v  t.  uM.m.  lu.iy  <  r.  .  j.  up  tho  .mtM.lo  ut 
thf  ka.l^  aiul  l.v  a  siphon  arti-m  l.  ak  tl.r..u.;h  the  exit  huk-s.  causmg  raurh 
tr.mblf  ana  ann.'V.iiu  r      w,  11  a-.  \v,i^tin«  oil.  .  ,    -i   1  „t  1 

F„r  iva>on.  tu  1-.  ,u.n  l.tt.r  .t  i-  <V.\r.H.  tlut  th.-  h.atrd  .-,1  should 
come  into  rontait  with  an  as 


littl. 

fori' 


a>i  l'< 
wIku 


-il.li 
th.' 


;mil  tlnrt>- 
trau^foimtr 
•  1 


sliown  in  l"'»f,'-  ')J'> 
with   oil    A  woodiii  >lal)  i> 
tl.atc<l  on  til.-  top  of  til.'  oil. 

.IS  vli,,\\:i  in  !  1-;.  041.  \v!ii>li 
is   a  top  viiw  ol  till'  ^aiiK' 
tran-^fornit  r  sliowini;  tlu-  lloat 
m  po-ui.  n.    111.'  tl.'at.  j.iiTCf<l 
,>nlv  with  hoU-  lor  til.'  tlainp- 
II, ^  1 It  ~.  . .  A .  I  -  \  i  1  \  lu  arly 
till'  wh.'k'  mtiiiial  tl.-s  sor- 
tiou    of    til.'    tank,   ami,  of 
course,  sinks  a  mtani  di  pth 
into  till'  "il.     Mill-    ■I'.h  a 
comparatively  small   11 'l'  1 
t;.in  i  t  till'  surlai  i'  "1  t!i<'  "il 
Is  , A)).  ■i  <\  to  till'  atiiii'spluTic 
air  m  t'l'  .  I'  arancc  at  the  top 
of  tlif  tank. 

Havint;  thus  I'lacid  tlu' 
tMiistoniuv  in  .1  \i--<l  l"'' 
ol  oil.  thr  L^rnrial  .  tin  I  will 
be  that,  when  the  transformer  1 


•i 


.1  1. 


M.iti  li.iii.-1-im 
III  l*oAition. 


al  w 


Ill  I 


I  ,iita<  t  w  It  11  till  I  '  'il-i 

,n.l  ...10  ol  the  transformer  in  the  muMle  ,.l  the  tank  b.eoin.s  h,.it,.l 
pa,„ts  ai„l  ,.e,  to  the  top.  Us  place  beini;  taken  by  eoo  r  ^a.a  ..n 
th  -  bottom  ami  si.l.  s.  At  tlu  f,.  it  iKo.n.s  partly  cool.  ,1  ^-^^^^f^ 
outwards  by  the  circulation  set  up.  ami  desc  mhnt^  alon^  he  co  d  vtrtu  al 
of  the  tarrk  is  stiU  more  effectively  coaled  and  mad,^  ready  to  pass 
aeain  thr.avh  the  w..rki-.  transformer  to  take  up  more  heat. 
^rZu:.  l.,al,tn  ^.-  It  tli„.  fore  be.  onies  ii.ip..rtant  to  I^omn  e  ,„ 
.,,.,v  ,vav  th.-  .  ..ohn,  ol  the  hot  oU  wlnl,  ihu-  •  n-  .'.latum,  and  the  east,  st 
n.th.dV.f  d..m.  this  is  to  increase  the  r.uliatmg  surlace  oi  ^le  vcriKal 
sidel  ol  the  tank,  which  is  the  effective  Vehicle  for  the  removal  of  the  heat. 
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Tile  incri-asf  of  >snr(;iif  is  vcrv  sitnplv  cil)t;iini-:l  l»v  (•(trrnyatiiK  sitiiH 

as  -lldWIt  .illiMiK    III   ,  \i  l,i|        tlif  [irri  nlllli,'  tlLIIIIi  ,SN-  .^iid  ()^c. 

and  III  iiiitii   lilt, 111  in  lit;,  uliiili  i>  ,i  \irli..d  -'.xitili,  .nid  ,il  .  i, 

I  il:  'i).'  W  illi  li  i-.  ,1  liKii/oiital  •-ki  ti  li.  half  iii  su  tinn.  <■■'.  i  Ji>lin--iiii  l  id 
l'litlli|rs'  tank.  Tlir  ciiri .it;atiun>  in  I'l;;.  have  a  pitch  <>f  4  >  inin.,  atul 
a  dt'pth  of  140  nun.  ;  tlic  incn-a'-c  in  tlu>  surf.i'-c  in  ciintact  with  thf  "il 
aini  I'l  1 1 11  lAti  iii.d  iMliiiiii^  .!  1  :  th'  III- 111  1 1 'pi' 'Mm.!  I'  K  lima  4"  n, 
;;iSi),  i.r  li. Mil  1  til  7.  thtl>  1  iialihii;.;  thr  >idi  -  III  thr  lank  tu  ih--ip.iti'  al>"\ r 
M'vrii  tinu-<  tlic  hc.it  wliitli  an  uiu '"rnif* ati-d  tank  roiiM  (li<»ip.itt>. 

As  a  tinal  I'xaiiipli  "[  tli  -  tvpi'  ■  '  t.iiik,  I  i,  it);  -hnw-  tiiid.i!  1 

typi- forhirfje  traii'-ti'iii  •1^  in,mutaitu:i  d      till  lii  i-li  rd.rtii'  il  I  .u-iiu'ri - 


mijConiixiny.  <li~riili'  i  ,it  pi 
which  is  <anit'd  In  .md  uil 


(  111  i  Mini-  it'  1  liiiilv  is  lit  slid  t  -ti'rl. 
tiir  lii.ttuiii  i.i-t  iton  trav.    To  stnti'n 
.md  prntirt  thidiottorn 
w-lU  tin-  U  ■\  i-  lilK'd 
Willi  ( inuiit     11  n-  i>.p 
(it  ■lie  Iwxiv  is  (  (.vrivd 
1:^=3     .IS  shown    \-  ,1  lii'avy 
•  r-"     <  ;ist iii\'.  wliiiii  Is  (, r(is>- 
—  sti,i[)j)id  til  till'  liut- 
SEZ?,     tiiin  rastiiij,'  as  shown. 
=^     and  is  cdvi-ii'd  1)\  a 
rS-^     s!|,  f  iii'ii  lid    '   ill'  h 


fi.;.  g4a« — SkeieUMi  Sketch  (half  in  Kction)  of  a  Tian«formcT  Tank. 


fiiriiu  r.  will'  li  v\  lu  ll 
filled  with  oil,  Wii.^'li-  j  '.Soo  [\>.  for  l!i<  i)nii-/,\  . \.  -i/i .  t"  b<-  lifted  by 
the  cyplwlts  without  risk  of  distortion.  Each  f\<  l)olt  is  sc-rcwi  !  to  a  long 
•.vroniiht-iron  rod  inch  in  diameter  and  over  i).'  feet  lont;.  \vhi>;li  p.i-ses 
\-citir.ilK  down  I'liwerii  an  oiit-i-lr  t.'ld  ot  till- col  III-,,;  ;"iis  nd  tliruiii;h 
the  bottom  ol  till  tr.i\',  to  wliiili  it  is  securely  bolted.  1  "  ink  is 
tS-4  inches  loni;  and  44  inches  wide,  measured  over  the  corrus;.i=  -  ;  it 
is  117  iiii  III  -  liiLili  lioiii  the  botii_iin  of  the  tr,i\-  t"  the  top  of  tin  \  ''..It-, 
.\tti  iitiou  sIhuiM  be  called,  botii  ill  this  ,iiid  ill  I'tii.  ^  tank-  •  ;--',ited 
(l'i^;s.  ,"■  (,(  .111''  ().jo;.  to  the  di.iin  1  o,  k  r  .it  tin  bottom  ,.)  tin.  I.e  .,  by 
which  the  oil  can  be  enij)tie(l  out  of  the  tank,  and  to  the  s'luss  gauyi  tube 
^at  the  top.  by  which  the  level  of  the  oil  insitle  the  tank  i^  indicated.  The 
leads  are  hioimlil  0111  thiou-h  bush'  d  op.  iii'i!,'-  on  tli.  l.u    ;  le. 

In  some  desitjns  of  traiistoiiner  tanks  a  verticil  battle  j.iiate  is  provided 
behind  the  corrugations  to  direct  the  descendint;  oil  against  the  corrugated 
sides,  and  thus  to  secun  more  effective  ccwliii;^ 

There  are  other  methods  than  those  shown  ot  constructing  traasfurnK 


T  A'V5  CiKRVC  tTF,"   T     /.^   UKASE   Ki  '.  a 


t.mk^  ,mil  ini-ii  >  ni;  tip 
not  .illovv  111  till  11  di'x'iii 
with  rib^.  t  ith'  r  I'  irt 
Tht-n  aK.iiii  thi  .  rniL;.iti^ 
^'ations  lUustr.iii  !  ,il">%' 
still  {urth«  r  thi  r  uh 
atitit;  sii!  f.i'  '■.  '  'I' 
rxtrrnal  i.u  i  itm  • 
111 111,' .  I I  ■ 
vidcd.  thi-  liiiiif;  a 
(Ifvcl'-piiii  nt  iif  thr 
li.ittl.  1   it.  iii.-.iinfn- 

tililU-  I  .ilii'NC. 

t>  1.  f    r  t  (     11  t 
mcti    '  "t  iil'taiiiiii 
illi  MM  t  .  i      I  .ii!i:it  ii!L 
>lll  t,"  1  .  el   V.  !lM  'A 
f.\,i!ii(ilf     li.i-     1"  '  y< 
ilrcadv  i,'iv«-n  ill  I'i^ 
I,        may    tv  -.til' 
tii'tlicr  ilhi-ti.itti 
lien-.     It  i-iinsi^ts  nf 
tittin«  til  a  tank  t  \ 
tiTiial  ciiuhtii;  tu!"' 

I'ltlnTl  i!'  ll'  II  1*1  M  •  1 

anuuLil  It  i'^shiiwii 
n     l-itr.   <m.  whirh 

'  ["ir-iiit-     >urli  a 

!,     \\\.:'  .       lit    I  II  111  I 

:i-    ,11  inalUll:ii- 


b\  th 

'inijhf-.i 

:|  It 

A-  ila-  I'- 
ll. V  of 

tlat 
-  hat  tl 
hat  <• 
i\x-  t- 

|iin 

?*'ith.  t 
but  T 


Bn; 
■  C. 
.lain 

11!^  1 


■  I'll  lllll-    Hi  1  'It  .  ..^       i.  '  '11^  I't  "  '•  I 

iuii  1,1  ill  t.iil.    1       till    ,ii!ai  uiy  bi-  ;>■.  vill 

•f  a  t  istiim  iir  alt  .■  hill  t.i  ^i"  -r  tMat'-  n'-  ' 

III  IV  111' fiiiiiicil  Hi  ilifii  I  '  ii.i\  u-'l  r.'  'Mil 
iiiav  t!iriu~il\r-  l>.    .I'p  1      iti''  ir.        ■'i  ', 


iT 


th. 


than 
till  lis 


,«3.-Bra»h  Sund»nl  Tank  with  Corru(!at«d  Sidej. 

.  'Kill.  n-ncy  of  thi-;  tyjH'  of  tank       lii^ii.  : 

,-    Til.        .     obviuu-ly  muri' fxpL-ii-ivf.  fill  till- 

,\  ill'  :if  -iiic  of  the  ca>c  >o  that  a  jurffttly 
,  ..     i:        p'.itr  l.uih-  a!--  .  ■•-trii.'..! 

l)nx■^.  TIk  1!  ciKt  i>  high  r  than  slu'i  t-Nirt  l  lank-, 
iwhat  strongtr  and  are  preferred  by  some  users  on 
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tliis  a.Timnt.  and  al*o  because  the  cooling  action  is  regarded  as  mort 

ttiuiiiit. 

Kudiiilor  Tititks.-  ]u  a  s»ill  ni-TC  nxvut  (Icviloj.iiu  nt,  .iprli.  .1  to  lai>;r 
transformers  u:i>.  8,000  Av.A.),  tlu  .  irculating  pipi-s  are  rephicid  by  elabor- 
ately constnu  t.d  radiators  arranged  either  radially  or  tangcntially  round 
the  tank,  tlir  oil  .  ik  ulatiiii;  llinai-h  ilu-c  ra.liatoi-  in  lii  n  <>!  ])i]H>. 

Sliuifiiiig  "/the  O/V.— Oneof  the  chief  ditticulties  nut  witli  in  the  piae- 
tic:d  working  of  oil-immersed  transformers  is  caused  by  what  is  known 
as  "duds;iiig."    This  is  a  darkening  and  thickenini;  of  the  oil,  whi.  h  more 

or  less  rapidlv  n-ults  in  the  dei>osition 
of  a  solid  sednn*  at  mi  tli'-  wimlinL;-  an.l 
in  the  h>wer  part  ol  the  traiislornur 
rase.    The  cause  of  this  decomjHisition 


is  ihittlv  ilii' 
oxygen  (■[  thi 
fomes  more  1.1; 
the  oil  ri-r>. 


I  !ii  mil  ,1!  ,i(  ticn  nl  the 
ail,  an  ,11  tloii  \\hii.h  bi- 
>iil  a^  t!ir  ti  ni))eialure  nl 
It  i^  also  assisted  bv  the 


])risence  nl  <  (i])iier  .)r  lead,  whicli  seem 
to  ex 'ii  i'-r  \\  !ial  tin-  1  lu  nn-t  (  alls  a 
"catalytic"  actii'n.  .Mu>t,  il  not  all. 
insulating  oils  are  mistures  of  hydro- 

.  atbi'n-,  '  >  n\i»  — ■  1  li\<h"L;.  11  .ui'l  1  a.i- 
l.i'll  onlv,  .illd  .llr  lli|Ul(l  t  \  1  11  at  hl,:^ll 

temperaHue,  eventually  \a|)i'ii-ing 
without  decomposition  as  the  teiiiin  la- 
ture  reaches  the  boiliii!,'  ])iiiiit  in  >  .\i  li 
l  a-e.  rill  \'  ale,  li'  lUt  \  1  1 .  ll.ii  ih  t.  ■  I 
o.\idise(l  it  they  <  unie  into  coiit.nt. 
esiieciallv  at  a  high  temperature,  with 
fi IT  o\\l;i  ii  a-  r.intaiiied  in  the  atiiii'- 
I'hi  i  r  ,iiiil  till'  pi  I  idurt^  1  'I  .)\idatii  lU.iir 
ivlten  solid.  Il  -ill  li  -"liiN  are  luniied, 
they  imi-t  cm  nttiallv.      tlie  1  il  cii.  nl.ite-.  be  depn-ited      de-iiibed  above. 

It  is,  tlureton',  ot  piiiii.iiv  imin'itaiue  to  pre\ent,  as  far  as  possible, 
the  hot  oil  coming  nito  mntai  t  with  the  atim >>pluiv.  Om  nii  tli.id  of 
minimising  the  ana  of  euiitact,  consisting  of  covering  the  ^urlace  ol  the 
oil  with  a  lloat,  lias  :dreadv  been  described  on  page  qiq.  .Another  methwl 
sllowil  (lla^l  aiii.a.ilii  allv  ill  1  i^'.  <l^^  i  iiiph'\  t-d  bv  Mt-vi-.  Si. men- 
Hrothcis  l)\naiii"  Works.  J.iinited,  .md  traii-t.uinei.-  htlid  with  the  .ippai- 
atus  are  shown,  tmch-r  test,  in  Fig.  1)45.  A  littl.  above  the  level  of  the  tian- 
foiimr,  w  iu  11  -i  t  up  ill  it-  working  po-itimi,  tliere  is  erected  a  small  closed 
expansion  clianiber  b,  connected  to  the  si)acc  at  iiie  top  of  the  transformer 
by  a  pipe    v.ilh  an  upward  bend  in  it.    The  transformer  is  filled  with  the 


I'ig.  944.— We»tini:bou*e  Transfitrmcr  lank 
with  Kxternal  RadttUnff  Pii>cs. 
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in-ul,.tin«  oil.  -o  tlKit  tlie  connecting;  j.ipc  is  al^o  iiilol  will,  oil  .it  tlif  ow-.t 
t.  nip.  ratun-  which  it  reaches  when  not  un.ler  load.  When  the  tran>lo,  tn.  r 
l„,-,.ni.  .  1,.  .!r,l  uhiKt  workinu.  th-  o,l  ,  xiunds.  ami  the  extra  Vi.luine  ot  oi 
Hows  into  the  expaiiMon  cluu.il..  r  without  int.  i  lerini,' with  the  circulation  of 
the  hot  oil  in  the  tank.  Thu^  tiie  .  il  m  the  exiMiiMnu  ch.iinh. .  •  u!h  .  rum- 
nu  itiv.lv  o,  ,|uitr  coM,  an.l  is  practically  unattected  by  contact  with  tne 

xtin.  .-plu  i v    Moi  e<  .vrr. .  .nlv  a  small  surface  is  expos.-d  to  the  air  in  the  expan- 
sion chamlM  . ,  wh.rh  1^  .1,  ,.e(l  in  ami  is  provhle.l  vxilh  a  ^af.  t  v  ^  alve  c.    W  hen 
it  is  recalled  that,  in  the  example  Riven  oii  pa^e  S;*^  j  (5  to,,  .  •  oil  ,ire  use. 
in  th.' wlmle  transformer,  it  will  b.-  umlerstoo.l  how  Mn.ill  ,i  proportion  -t 

thi^  li     an  oi.portunit  v..t  romiiK'  in- ■  m  ,  .ntact  with  the  tr.mhl.-ome  oxvy.Mi, 
This  device  aK  .  ;u,     nt^  the  .l-  .     ot  the  tm.isture  of  the  atmo-,'""  "' 

to  the  inttrior  of  tin  tian-lorm.r  and  its  ,  ^  , 

,  ..iid.  ii-ati.m  in  the  tank.  Arrangements 

ai  ■  mad.-  lor  drawini,'  ..li  any  water  which 

inav  a.vuinulatr  in  tlu'  expauM.m  .  hani- 

ber.    Hie  wli.ile  arr.ui.^ement  is  s.)  elli- 

cient  that  transforiiurs  pn>vided  with  it 

h,,v  I..  ,  n  run  b-v  ii-m    n  to  iiiteen  years 

with  the  ..riKinal  cliar-.'  oi  uil. 

Another  method  .i!   niinimiMn«  th- 
..1  -lud:;nu  is  to  withdraw  the  .nl 

,,..|,,h1i.        ir.'in  th.'  tr.ui-former.  pass  it 

lliroUL:!!  a  lilt.-r  pn--      i-  luov.'  ,o.y  -l:d 

matter  whi.ii  in.iy  !>.■  la  Ml-p.•n^i..n,  and 

f!  ,  n  return  it  t..  th--  transformer.  In 

nu  iiv  iiiod.rn  Anv  ricau  stations  quite 

,.lah..nite   arranijeineiit-^    aiv    m.-.l.-    f.)r  ^ 
this  purpose,  the  oil  b.im;  wuMiawii 
.,..„  .,1,,  nauM..i.n.T  and  i.'turne.l  to  ,t  without  .hMuilmu 

noit  thich  mav  o.,.ur  through  a  m.,.  ,.r  K     .  noi.  br..k.low..  calle  d  bv 
th.'  f  uhire  ..f  a  pumi)  or  .hpo^iti.-i.  ..I  slmk.  m  the  p.p.'^.  Hi.- 

!  n.  '.l   ,h,rm,.„„„.,-  m.rte.l  m  M-K.-t.',    p.,Mn„n.  and 

:::.Liuct...l  .hat  >.  a  .lu,..,...  ,.„.p.,  iture  be  rea,  ....   .  ..■d..soa 

relavctrct.it  ami  ..v  a  wauuu.  bv  l.ll  ;,„  , 

Tn.'  .  tt.'  ts  and  .  vils  ...  slmlKUiL;  are  Kraphuahv  - ho,M..  ,,,  1  i..    .  >, 
,      ,.,.r..duced  from  a  pho.o.raph  s.nt  to  llu  -  - 

1,    .  bvM    .■hatt..ck,  the  .■l...n.al  .■uu.iu.-.  ..t  the  c.tv  ot  D.n..m,h.mt. 
Kll.S,  in  -Mr.  ,,i.,„,i,.,l    .s,,./.v  \.  \V.-tim:h..ii-e  trail-former 

,t  ,l,puts  a  three-pha-e.  ...1-.     1  d  ^- 

Mhi.  li  h  id  been  six  vears  in  servic-.  l "i  tl"  i  ^-t      .  \  ai 

b!en  run      f«H-l"ad  ior  ..-twoen  twelve  and  thirtci  hour-,  e^.ry  .lay. 
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transfiirniini,'  in  tlii>  ])(riii!l  aiiprDxiin.itrly  7,51111.110(1  units  of  dertriral 
energy.  Towards  the  vw\  of  tlu'  ihii.mI  tlu-  iLiily  rise  of  tempiratiin- 
was  obstTved  to  be  inrreasing,  and  on  witlidrawinR  tho  transformer 
from  i-  (-nliti..n  xv;i^  toM'i'l  to  be  as  shown.    After  being 

well  cleaned  and  re- 
turned to  tile  la^i-  with 
;i  charfje  of  fresh  oil, 
the  temperature  rise  on 
lull  lii.id,  wliirli  had  brrn 
loj  v.  before  (UaniuL:. 
li  II  to  ;»>'  1-. 

Incidentally.  Mr. 
("!;attiiek  refers  to  the 
1  c  ononu'  1  it  u-iiiu'  the 
iniiri,'  expeiisiNi'  while 
non-sludpinf;  transformer 

oil  in   prelelenee  In  the 

oulinaiy    and  elieaper 

\elli)w\  ariety.  He  found 

vith    the    hitter  that 

sludcini;    requires  a 

1  haiiLie  ol  oil  every  two 

or  three  \e.irs. 

Choice  of  Oil.  —  In 

view  o*^  till'  above,  it  is 

(ibvioll->  til, it   the  oil  to 

be  used  >honlil  lie  lali- 

full\'  <  hoseu.  Vegc-table 

(lib  <iuite  fail  to  satisfy 

some   of   the   iliiet  n 
I  ij.  u6.  -  Trantfornwr  ibowing  ERecti  of  S'.wlging.  , 

*  ^  ([Uirenients,    and  resui 

oils  are  also  objectionable.    The  more  important  requirements  may  be 

sunuiiari^ed  a-~  follows  ; 

1.  High  dieh  i  trie  strength. 

2.  Hi>;h  insulation  resistance. 

J.  Ireedoni  from  moisture  and  from  liability  to  absorb  moisture 
from  a  ilanii>  atmosphere. 

4.  Abseu' e  ol  liee  ai  ids  and  alkalies  and  combined  sulphur. 

5.  High  spet  ilic  heat, 
f).  Low  viscosity. 

7.  High  flash  point  (-a^■.  I'lo"  C). 

8.  Low  freezing  or  solidif\  i  ii,'  temperature. 

9.  Low  volatility. 


Choice  ot  Oil  iok  TKASsioRVi  9»S 
Id  ("i.n~t.inc  v  <'t  ci)mpi>-iti'in  in  uso. 

II   K.  tnui.Hi  of  abo-f  ,.n.iHrti.-^  at  .ill  workhm  temporatuu<. 
,  h/,v,LM,n.  l.a-  M  V.ral  m  tlu-  n  , |,,n ,  n.  nts  nv.II        quitr  taiu.har 
to  the  reaiUT  ut  tlu-  procedinK  puK*-.  In.t  tlu,.  a,,-  ..:„■  „■  two  n. av  p...ntv 
For  in-tanro.  the  hif^h  ^p^dfic  lu„l  which  f.,r  th.s..  nun.  >al  .., K  al-ut 
n-AS  to  ..-SI  (wat.r       l  o)  rnsuns  that  the  amount  mI  h.at  ah^.-rlua  .n 
ra.Mn«  th.  -.1  to  a  ,.v.a  .xa-.  fun-,  ratun-  ^hall  h.  a.  ^nat  a,  |j.->.bU-. 
The  /(...•  vohumty  moans  that  the  rat,.  o(  ,  va,>..,,.u..n  ^hall  1-  Mua  l  :  but, 
is  uvll  k.iowu,  this  rati-  rises  with  the  t.-tni-  iatuiv.    ( •lu-  m  th.-  t.-.t> 
-onu  tnu. ,  -p.  ,  itied  is  that  tlie  oil  shall  not  lose  more  than  0-3  ,..  r  oc.it. 
in  weight  wh.l-t  b.in«  cx,.om.1  for  .i.l>t  hour-  a.  a  temperature  o I  io<>  l. 
in  an  ope"  vessel       .n.  lon«  and     m.  wulc  th.     ,.th  of  o.l  b.  n,,-  z\  m. 
In  artual  practice  the  hot  oil  is  in  an  encloseu  ^pace  and  the  ,  ..ndn,ons 
,,  ,.  ,.v        it.on  a,,  not  favourable.    Lou'  vis.os.ly  makes  tor  mobdity  and 
.Htates  cnculat.on  ;  the  vi-cosity  decreas.-s  as  the  temperature  nses  ;  on 
th.-  other  hand,  a  t  .icker  oil  may.  as  a  rule,  be  safely  raist-d  to  a  higher 
temptrature  than  u    \inner  sample. 

The  influence  of  a  v.-rv  small.. luantity  of  moisHm-  ..n  the  specuu-  re- 
Mst.-mc-  a.id  the  dieleetr.  ^t.vn.th  is  verv  pronounced,  but  a  subse.iuent 
increa..o  in  the  .luantitv  ot  mo.Mu.e  present  is  not  so  deleterious.  The 
oil  u-^ed  should  therefore  hv  qn^U-  tree  from  moisture,  and  it  is  conMdcre.l 
tluit  tin-  .  lectrical  te>ts  tor  specitic  resistance  and  dielectric  strength  ar-. 
letter  in.l.cations  „f  the  absence  of  moisture  than  anv  of  the  usual  che- 
mical tests.  .\n  o.i  ni.iv  be  c,.n>i<lered  drv  whi.  h  luts  .1  -l-ct..;  reM>tance 
„f  .  X  10'^  ohms  (centmu  tre  measure),  and  which  has  a  .lielectnc  >trenKth 
„f  '10,000  v..lts  between  a  J-inch  disc  and  a  needle  point  o-l  mch  apart, 
t'le  te-ts  lieiiii;  t.ikeii  at  rbout  IS  .,  . 

The  lorm.Uion  oi  sludge  appear,  not  to  .  -le  -pec.fic  resistance 
or  the  dielectric  strenRth  or  to  depen.l  upon  ^  ■  •/  or  speciti.  ^laxitv. 
It  however,  v.rv  much  ret.mls  ti,e  heat  tran>t..  ace,  which  1.  the  m.mi 
(uncl.on  ot  the  0,1.  bv  fonn.ng  a  badlv  con.luctinR  layer  on  the  windings 
and  the  expo>e.l  ,ron.  It  1.  h.ghlv  .l.~n.d.!e,  therefore,  that  the  tendency 
to  form  sludge  sliould  be  as  slight  as  po.^Mble. 

With  one  .  xception.  the  re.piirements  specihed  on  psige  0.-4  cm  1..- 
.atisfactorilv  teste.l  befoiv  the  o,l  ,s  put  into  the  transformer,  but  un- 
fortunately the  most  important  of  then.  all.  and  the  one  or  which  s.-me  of  lie 
others  are  only  introduced  as  leading  up  to  it,  cannot  be  ve,v  ^a  a,  touK 
.le.ernuned.  This  is  the  constancy,  including  freedom  from  ^ 
the  oil  under  working  con<litions.  The  test  usually  emph.yi-d  is  to  heat  the 
oil  to  a  little  ab..ve  the  maximum  working  teinperatun-  ot  tl,e  tranMornier 
in  a  ghKs  vessel  and  to  pass  air.  or.  better  still,  imrc  ox>gen.  through  it 
ste  uhlv,  for  forty  to  fifty  lumrs.  The  test  is  made  more  severe  if  c..pper 
with  a  specitied' amount  of  surface  exposed,  be  immersed  m  the  liquid. 
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r.nd  «!tin  more  severe  if  ozone  be  used  instead  of  air.  Any  decomposi- 
tion iimdiii  wliii  h  arc  formed  durii'L,'  tliis  ti'-t  will  also  he  produced 
in  tliL-  traiisfoniK  r  iindt  r  workin;^  coiiditiwiis.  Tin-  p-.Milni  t-.  ;nr  si  p.irati  il 
and  qtiantitativflv  estimated  by  ordinary  cluiniral  iiuti.od-.  It  i-> 
satisfat  torv  to  know  that  oils  arc  obtainable  whit  li  under  the  ;,;>ovo 
test  form  no  appreciable  solid  matter  or  soluble  ai  id^.  The  limit  sup- 
posed to  be  allowable  is  5  part^  ni  10,000. 

Water-cooled  Transformers.— In 
water-cooled  transformers,  which  are  always 
oil-insulati'd,  the  i,'reater  part  of  the  heat  is 
earned  away  by  water  which  is  passed 
throui^'h  a  rolled  pij'e  placed  in  the  oil  at 
t'.i.;  top  of  the  transf.  rnier  case.  The  cir- 
culation of  the  oil  is  much  the  same  as 
in  air-cooled  nan '-former-,  the  iiot  oil  ri^inu 
from  the  heated  con-  and  windinus  throwLih 
ducts  provided  for  that  purpose,  and  roin- 
pletinL;  it-  circuit  by  descending  along  tlie 
-ides  ol  tlie  case. 

Such  a  translormtr  nnio\ed  from  its 
case  is  shown  in  l  ig.  947,  which  represents 
the  interior  of  a  3,000  *v..\.,  88,000- volt 
tran-fcirnur.  Imilt  liv  the  (iener.d  Klectric 
Company,  of  Sdn  luctady.  l  lu  transformer 
itself  is  of  the  shell  type,  anil  the  loohng 
coils  are  placed  above  it  inside  the  case 
as  shovMi.  'I  in(aii;li  these  coils,  whii  li  when 
till'  tr,iii>for!iur  i-  on  load  are  placeil  in 
the  hottest  part  of  the  oil,  cooling  water 
is  forced,  which,  absorbing  the  heat,  carrire 
it  aua\.  The  arr,iin;emenl  is  >o  effectixe 
that  very  little  heat  need  be  di>>ip.ited  Imni 

Fig.  ,4,.-ii.K.  W:,>.r,o,.i.a  Trnns-     the  e.xterior  of  the  tank,  which  1-  tiu nfore. 
f,.rmor  without  i.,nk.  .^^  ,^  „„{  corrugatcd.    Till-   lank  is 

built  of  lie.ivx  ixiilci-ylate  iron  rivited  to  a  cast-iron  base,  all  joints 
beiiiL'  made  absolutely  oil-tif,'lit. 

It  should  be  noted  that  the  transformer  illustrated  is  of  large  capacity. 
3,000  k\.K.,  and  that  therefore  the  heat  to  be  dissipated  at  full  load  is 
"very  great,  being  at  unit  jxiwer  factor  («o  kilowatt-,  or  So  ii.p..  if  the  efficiency 
be  08  per  cent.  It  is,  of  course,  easy  to  calculate  how  much  water  must  be 
supplied  per  hour  to  carry  off  this  waste  heat  with  a  given  rise  of  tempera- 
ture. 

W  here  water  is  not  always  available  or  iK-rhaps  desirable,  as  for  instance 


Air-blast  Coolixo 
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in  mountainous  districts  with  sevire  winters,  or  wiu  tlie  c-t  ot  coohn- 
water  e\(  e^-i\v.  corruRated  tanks  are  used  so  tliat  on  an  einerj;.  ncv  air- 
c<M,liii^'  n.av  be  t  niploved.  The  capacitv  t-f  such  a  transformer  when  air- 
coole.l  onlv  is  about  70  (vr  cent,  ot  its  c.iim.  itv  win  n  w.a.  r-couled. 

Tliese  and  similar  air-cooled  tianstomui-.  in.mul.u  tiind  by  tlie  s.iiue  tinn. 
are  so  constructed  tluit  the  complete  core  and  coils  with  the  cover  and  leads 
can  be  lilted  out  til.-  tank  as  a  unit.  Ky.-bolts  j^re  provided  for  this 
purpose  as  well  a>  tor  lifting'  tlie  entire  transformer  when  tilled  with  oil. 
Minute  inspection  of  anv  part  of  the  tran-tornier  mav  th.ivlore  n  adilv  be 
made  with  onlv  the  expiniditure  of  time  necessary  to  raise  the  trati^f  anu  r 
from  the  tank."   If  changes  in  the  connections  are  all  that  is  required,  the 
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transformer  need  onlv  be  lifte.l  suttu  icitlv  to  ci.  a.  ti.  i.  in.iiul  b  .ard  of 
the  oil  when  oiienings  in  the  cover  give  ea>y  acce-  to  the  tenniuaK 

Air-blast  Cooling.— This  nethod  consists  in  torciiii;  cold  air  through 
carefuUv  designed  ducts  provide,  between  the  coiK  and  between  sectjonal- 
iscd  iHirtions  of  the  core.  It  is  only  apphvd  to  la.^r  transformers,  and  is 
not  much  used  in  this  country. 

\  (.roup  of  such,  transformers  is  shown  in  Fig.  94'^.  t!'^'  transformers 
being  ol  a  st.uid.ard  tvpe  manufactured  by  the  General  Klectnc  t.omp.'my. 
of  Schenectadv.  Tin-  base  of  the  transtonner  ca-c  is  a  cast-iron  shell, 
and  IS  placed  direcll>  over  an  air  chamber  supplied  witli  air  by  a  suitable 
blower  usuallv  driven  bv  an  electric  motor.  Part  of  the  cold  air  passes 
vertic  illv  through  th.>  coils  aiul  out  through  the  top  of  the  transformer, 
whilst  another  part  is  diverted  horizontally  through  ventilating  ducts  m 
the  core,  which  is  of  the  sheU  type,  and  passes  off  at  one  side  ol  tlie  trans- 
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forme-.  Suital'li'  ilamjHrs  (initi'  l  tlic  nlative  amounts  of  air  passing 
tliroiii;h  t!ir  ere  .iml  the  windiim-  i >  -pti  tivi'lv.  The  amoimt  of  air  re- 
quiml  is  jliout  150  ciiliic  fi^t  ]»  r  minuti-  .it  a  iuv~~nn'  ot  ,\  tn  i  ounci'  jut 
square  mcli  (^i  to  9  lbs.  {m  t  scjuan-  loot)  lur  lucii  kilowatt  lo>^  in  tiic  trans- 
former. 

Comparison  of  Methods.    Tlie  -^irrii,.-!      tlie  i.aiti.iil.ir  method 

of  ci'iiliiit;  to  he  adojited  in  a  n'wiu  i  a-c  iec|\iiri.>  a  canlul  1 1  .n>iil(iatii  >ii  ot 
all  the  rircuni>itances.  K.u  h  "!  t!i'  main  t\ jt- <li  -.  iilieil  al »  can  I)f  made 
equally  reliable  and  et!i<ieiit.  l-.>r  Miiall  m-t. illations  the  fact  that  they 
are  seif-Li'iitaiiuil  and  iviniie  no  auxiliar\  ai'jtar.itus  leads  usually  to  the 
ailM(ili"ii  III'  air-ci !•  ili'd  iii-iilatnl  1  raii-li 'i niri ~. 

For  lai,L;e  in>tallatiiins  the  \vat>  r-cooled  type  is  tlie  iea-t  exjtensive 
for  lir^t  ro>t.  but  the  ro-^t  of  supplvini^  and  maintaininR  a  supply  of  water 
iiin-t  !'<■  taki  ;i  mtn  arcMunt,  ll  )i'nnp-  are  leee^-arx-  thi  wliole  arrancie- 
meiit  WDiild  jncbablv  be  nn  :''  1  \|>i  ii-i\e  tli.m  with  liimvn^.  I  he  air- 
bla-^t  installation  n  iiuin  >  tin'  im-t  -pace,  but  the  traii>formi  rs  are  less 
(•\1M  ;!~ive  than  air-cookd  in>ulatt(l  transiornurs  of  similar  ratinj,'.  As  the 
tiaii-ti  i  im  is  arc  open  at  the  toj)  tliev  must  not  be  placed  where  dirt  or  water 
from  any  source  is  liable  to  fall  i  -n  theiii  IIka  >  aiiiiot  aKn  be  (U  -ii^nrd 
for  voltages  much  in  e.\ce>s  of  J5,ooo  or  40,000  volts,  because  of  the  i,'reat 
thickness  of  stvlid  insulation  re(iuired  in  the  absence  of  insulating  oil  and 
thr  .a.n~i'(iU' ntial  dillietilty  in  .  iinihii  tiiiL;  the  la  at  from  the  copp.-r  to  the 
loi  luii;  .ur.  (In  the  other  lianil  the  otlm  twi.  types  of  transformers  are 
aN-ailable  for  all  voltages  which  are  within  the  limitations  of  transmission 
dilhculties. 

VIII.     I-M-MINTAKV  T!H  •  KV  Hi-    rU!    MAIIC  THAN -I  i  IRMKR 

In  heavv  electrical  en^ineerinf,'  work  tin-  main  tunt  tion  of  the  static 
transformer  is  to  change  the  enert;v  of  an  alternating  current  or  currents 
into  -miliar  1  m mv  at  a  dilti  n  ut  VMltai;e.  Incidentallv.  and  for  special 
[iiii|Mi-i tbi  iiuinl'ir  .4  laia-.  -  .iii.l  tlie  jihase  relatiim^  ma\  also  be 
eliaiiu'  '1  and  otluT  tniii  tinii-  nt  iimh' m  It  -s  importance  ma\  hr  ci'inp as-cd. 

Vi^a^e  Ratio.  Hi'  lu  nd  elementary  theory  of  the  .  haii^'e  of 
viilt.'.'  i  -imjile,  anil  mav  be  sjiven  as  follows.  For  simplicity,  a^^sume 
th.it  t  ■■  n  n-l.''iiiii  niilii.iiled.  t'Mt  i-.  that  there  is  no  l  urri'iit  in  the 
secondarv  circuit,  .-ny-'  there  is  !m  ilti-rnating  current  flowiiii^  tiiioufjh 
the  primary  windings  rhere  will  be  an  alternatinp  magiMtic  flux  in  the 
iri-n  which,  in  .iccordance  with  I',iraiia\  '-  !.  '.v  nf  fln  tn.niaL::  in-ln' '"'n 
(see  p.  423,  Vol.  I.)  will  fiive  ri-i-  to  a  ba- r  :  m.k.  m  the  1  •  Uepcudent 
at  any  ia^tant  on  the  rate  of  chanp'  of  tht  t^'is  Now  let  : 
s  =  the  maximum  value  of  the  magnetic  flax  ; 
1,  =»  B.M.S.*  value  of  the  primary  current ; 

•  The  imaaait  of  this  and  a*w  wrmi  is  «ii]dained  at  page  Tifi  and  tlMWilut  h»  Vol.  I. 
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I,  and  Ej  =  the  R.M.S,  values  of  the  primary  and  yecomhiry  E.M.F.s 
r(>s{MTtively  ; 

s,  an<l  Sj  =  till'  iniiiilMr  •<(  tiiiii-  nn  the  primary  and  secondary 
wiiiihiins  re-^pci  tively  ; 
M      the  number  of  cy<"le'<  p»"r  second,  i.e.  the  j>erinilicity  ; 
A      a  numnir.il  rm  tt'u  i.  nt,  ehietly  dein-ndini;  on  the  law  of 

vari.itii'ii  ..I  tin-  llux  ; 
thrn  on  tl'..'  .i-  umptii  m  t  li.il  tin  ic  i-  iiii  ii:,r^iii  .'/i  /.  .iL.il::.  <  ■! ,  iii  ■  'thiT  Wurds. 
that  the  wliule  (if  t!ie  magnetic  hnes  set  up  by  thr  <  urn  iit  u\  tiie  primary 
pass  tlirough  all  the  turns  of  the  iiriniary  and  of  the  secondary,  we  ha%e  :  — 

^"^'^    t  (I) 

\  ,      .\  )l  >.,s  ) 

since  every  turn  nf  the  ])!iinarv  and  i<f  the  secondary  will  have  imprt-ssed 
ii]iuii  it  .it  ,inv  in-tant  tlir  -imr  i  M.r.  .iivl  tlif  itrm-;  in  each  coinpl<  te 
winding  are  in  SL'ties.    From  thi'^e  .'(HMtion^  it  toilow-,  i      ■  — 

K,   ^  .\  ;/  s,  N       s,      ,  , 

1 ..       \    >j  N  -J 
The  ratio  A",  wliidi  is  the  r.itin     tlie  number  of  tiiiii--  in  tht-  two  winihii^;-. 
iind  is  therefore  a  constant,  is  known  as  the  ratio  of  tran'^Ji'rnuition.  The 
,  .I'li  r  '-I'.onli!  1  .ir,  fullv  note  the  condition  tmder  which  it  becomes  the 
r.itiu  of  tlie  two  in'iui  tive  E.M.F.s. 

If  we  further  assume  that  the  voitaijc  (hdp  rlue  to  ohmic  resistance 
in  the  primary  winding  is  nei;Ii-ililf,  we  have; — 

^-J     -  '  •        .':  (•,) 

\.,  v., 

where  v,  is  the  voltage  impiessed  on  the  primary  termmals  and  \'.,  is  tlie 
voltage  measured  at  the  secondary  terminals. 

Effect  of  Resistance.  -To  allow  for  the  olinii<-  (imp  in  volt.if^'r, 
excluded  above,  let  the  secondary  be  loaded  with  a  non-indiutu\-  external 
resistance  r,,  and  let 

r,  and  r,  =  the  rc-i^t.mi  t  ~  of  the  primary  and  secondary  windings 
resp,;ctiveiv  ; 

e  =  the  induced  f.M.r.  in   <i(i/;  turn  of  the   primary  and 
secondary  windings  (still  with  no  iiui-^>utic  Icukiijic) ; 

then 

V,  ---s,       r,  I,  , 
•  o    =?jc  -  (r.i--R.^h   .'     •       •       •  • 
hence  by  eliminating  e  we  have: — 

s,  v,  I,  -s,  (rj  H-R,)i,    )  ^  ^ 

also  A   -  s,  I,  -  s.  I.J  1 

where  A,  is  the  sum  of  the  ampere-turns  acting  on  the  core  of  the  trans- 
former.   From  equations  (5)  we  get  by  eliminating  I,: — 
111 
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or 


Is 


wncnce 


approxinnittly  * 


V  *4 
\  I  — 


!•   =  - 


and  finally 


I,  =  - 


(6) 


  — ,   —  where  ^  =  .  j  . 

This  approwmate  result  is  interesting  and  .  .imIv  i  nu  tnln  r,  .l  It 
that  tlif  current  in  thi-  secondary  on  a  non-inductive  load  (Rjl  the  cui- 
rent  at  unit  power  factor,  of  a  circuit  in  which  the  E.M.F.  is  the  voltage 
impressed  on  Mu-  primary  terminals  altered  hv  the  ratio  of  transformation 
and  tlie  resistance  is  the  actual  resistance  increased  by  the  resistance  of 
the  primar>'  coU  divided  by  *».  Similarh .  if  we  eliminate  I,  from  equation 
(5)  and  again  treat  a,  as  negligible,  we  find  that  :— 


r,  +  (r..  +  Rj) 


(7) 


(8) 


which  shows  that,  neglecting  the  magnetising  ampere-turns,  the  primary 
current  is  equal  to  the  impressed  voltage  dix-ided  by  the  resistance;  of  the 
primarv  coils  increased  hv  tlu'  resistance  of  tlu'  m  ,  ondary  c  ircuit  mul- 
tiplied by  A-.  The  case  where  =  o,  that  is  when  the  secondary  is  short- 
circuited,  is  of  special  importance.    In  this  case 

.    ^  _^L>_^  (9) 


r., 


k- 


and  the  added  resistance  is  that  of  the  secondary  coils  multiplied  by 
It  is  unions  to  not.-  that  this  added  resistance  (which  makes  the  allow- 
ance for  ohinic  ilrop)  i>  the  resistance  of  a  coil  having  the  number  of  turns 
of  the  primarv  wound  into  tiie  copper  space  occupied  by  the  secondary  ; 
ii  is  sometimes  nferreil  to  a>  tlie  cqumdcnt  rcsisUincc  of  the  transformer, 
hy  comparing  cpiations  (o)  and  (8)  it  is  obvious  that,  under  the  condi- 
tions set  forth. 

ij  ^  -  I,  A  U») 

lagiwtic  Plttx  and  MagBetisinff  Current.— When,  as  is  always  the 

case  in  practice,  there  is  magnetic  leakage,  the  quantitv  e  used  in  equa- 

.  Tl-  qtinntilv  A.  is  ll.e  niuniu-toniolive  force  (M.M.h.)  divided  l>y  4»  lo  (=  i;26)  and  the 
M  M  I  .1/  NvI.eri  11  IS  til-  masm-tising  lorce  ai  ,1  /  is  liie  Iel»glh  ot  the  magnetic  cireujt.  Since 
the  magne-.ic  circuit  is  a  good  one  with  »o  non-magnetic  gaps  valut  of  H/  u  very  wiall,  and  A«  to 
tbercforc  tsken  to  be  negUgible. 
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lt>|)ends,  and, 


tions  (4)  is  no  longer  tlir  for  »  viry  <  ..iiiplrtf  tuiii  in  tlio  pnm.irN. 

and  still  less  in  the  secondary,  winding.   Tlu-  ecjuation 

»'»  -=  ''i        'i  (") 

in  which  <*,,  and  i,  arc  the  instantiincont  values  .it  anv  pivon  moment  of 
tlir  R.M.s.  (luantitics  V,.  i:,.  ami  i,  -till  lio|,l,  i;,,,,,!.  rr.mi  tlii-  it  follows 
tliat  if  r^  i,  Uv  nt  «li!,'il)lf,  wlii.  Ii  i>  practically  true,  r,  uml  r,  luiv»-  the  same 
wavc-forni.  If  this  W-  a  simple  sine  wave  the  mtigntiic  flux  also  consists 
«>f  a  sine  wave  of  flux,  for  it  is  on  its  rat.' of  I  liaitiji  tiiat 
as  has  heen  pointed  out  «'lsewhere.  the  curvi-  whose 
riit<-  of  (  //■(;;;',•  is  a  sine  curve  is  another  sine  curve 
ilisplaced  ()o  or  a  quarter-period. 

If  we  pass  from  the  instantaneous  equation  (ii) 
to  the  corresponding  eqtiation 

^1  ~  '  i  •  I,  .  .  .  (I-') 
III  which  measured  (/,,■.  r.m.s.)  values  of  voltages  and 
currents  are  used,  then  it  must  be  rememl)ered  that  this 
equation  is  a  vector  equation,  and  unless  v,  and  i,  are 
"  in  ph.ise  "  the  (juantities  on  the  riuht-liand  sid.'  must 
be  added  v.ctorially  (sec  Vol.  I.,  pjj^es  542  ft  scq).  as  in 
Fig.  949,  which  is  a  diagram  for  the  primary  circuit  of 
an  utUoadtd  transformer.  Here  o  v,  and  o  i„*  ap-  die 
vectors  of  the  impressed  voltagt ,  and  the  current  flow- 
ing, which  lags  by  the  angle  v,  o  i„  liehind  the  voltage. 
To  find  the  quantity  E,,  the  vector  v,  i  ,.  <  (]ual  to  r,  i, 
in  magnitude,  mus«  he  drawn  par.ilUl  to  o,  and  the 
line  01;,  will  be        required  vector. 

Magnetising  (  u,-  -/.—Now  if  the  flux  were  always 
strictly  proportional  to  the  magnetising  current,  as  in 
a  solenoid  with  an  air  core  and  field,  the  latter  would 
also,  in  the  case  supposed,  follow  a  siiu  law.  But 
this  simple  result  is  interfered  with  by  the  fact  that 
such  a  relation  does  not  hold,  and  still  further  by 
the  existence  of  hysteresis.  Examples  of  the  cur\es  connicting  niag- 
netisint;  force  or.  in  the  case  of  an  iron-cored  solenoid,  riiagiutising 
current  and  magnetic  flux,  have  been  referred  to  frequently  in  the  fore- 
going pages,  and  more  especially  in  Vol.  I.  in  the  section  on  the  "  Magnetic 
Properties  of  Iron  "  on  pages  286  to  .500,  They  are  curvrv  whi,  h  do  not 
admit  of  easy  mathematical  expression. .  nd  tli  refore,  in  any  application  of 
them  to  a  practical  problem,  recoiiis"  is  f;.  nc rally  had  to  graphic  methods. 
In  what  follows  such  a  method  is  used  in  solving  the  present  problem. 

•  In  Fig.  950  a  hysteresis  loop  b  B  b,  such  as  might  be  expected  to  be 

•  In  wlvu  foUows  Ki  it  the  primary  current  ia  u  UBlotded  traBifdnnn  or,  in  otber  words,  the  ■*- 


t  ig.  94<i.— Vectoc  Dbcnm 
uf  an  UaloMUd  Tranft- 
funncr. 
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trup  for  a  k<"><1  niuiU  rn  fr:in-fiirnii  t ,  is  -iinwn  tlic  li  ft.  Since  flip 
<  irciiit  is  j)r;i(  tically  witlnmt  .my  iii>ii-ni.it;iu  ti(  t^.q'-  the  <  i>f  the  loop 
;iri'  >tfi  j).  ,inil  -iin  c  i^dud  ina|.'iit  tic'  ni.itt  ri.il  i^  u^i  .!  the  Innji  i>  in  rt-.ility 
narrow,  tln>UKli  for  tlearnt'ss  in  folh)wing  the  construction  thf  magm  tising 
current  wale  w  taken  lar^e,  so  a:A  ti)  ^;ive  a  wide  IcM>p.  The  maximum 
tlnx  (it  ii^itx'  rlio^'  Il  is  Ifvs  til. Ill  ill  ^'ciur.itor^,  .ind  ^nnic  c.tlu  r  t  lci  tried 
ni.ii  Iiinery  (stv  Tahli'  IX..  ]>a,i;c  879).  The  transformer  is  .i^Minud  to  be 
unloaded. 

On  the  right-liand  side  x  N  s  is  tlie  sine  wave  of  tlux  on  the  same  zero 
line  as  B  B  B,  and  the  method  is  to  work  backwards  from  \  s  x  tlirotif,'h 
u  n  li  tn  (li~r(i\i  r  tile  (liffen  iit  v.ilue-;  of  the  current,  iiir,i>iired  Imrizontallv 
on  the  H  H  H  curve,  necessary  to  prinluce  the  various  points  in  x  x  x. 
These  values,  j)h)tted  vertically,  f,'i\  e  the  cur\'c  r  c  c,  in  which  the  vertical 
heights  of  the  points  arc  determined  by  the  honzontid  distances  of  the 


^  ig.  .>;o.— Curves  .  f  I  ]ll[Me^^e(l  \'    t.uf.  Flux  an.!  ,M.i,;ne! Uing  Cur  em,. 


currespondinf;  points  on  www  Irniii  the  ixis  v  v.  Thus  i.j  on  llie  rising 
curve  of  B  n  B  corresponds  to  Cj  on  the  rising  curve  of  c  c  c,  an<l  c',,  on  the 
faliini;  curve  of  b  li  n  corre<|)on(l>  to  c  "u  the  i.illini,  curve  el  (  (  c,  and 
so  on  tor  other  points.  The  c  urrents  sli-'Wii  li\'  tlie  curve  ce  r  will  gixc 
the  -ine  w.ive  of  Ilux  B  w  li,  which  by  its  v.  i.ition  will  produce  a  sine  wave 
t)f  K..M.F.  directly  opposed  to  the  inipressetl  voltage  V  v  v. 

The  curve  c  c  c  is  obviously  not  a  simple  sine  cur\'e,  but  contains 
hanuonies  (mv  pat,'e  X'A.  '  )  Miperjiost  <1  011  such  a  curve.  Sin  h 
harmonics,  due,  as  we  have  said,  to  the  shape  of  the  magnetisation  curve 
and  hysteresis,  increase  the  ohmic  heat  produced  by  the  current  in  flowing 
through  the  primary  coil. 

Eddy  CMrren/x.— Another  disturbing  effect  in  an  actual  transformer 
is  the  existence  of  eddy  currents  in  the  iron,  wliich  absorb  energy  and  act 
physically  so  as  to  produce  a  >^ma!l  back  e.m.f.  in  the  primary  circuit 
approximately  in  opposite  phase  to  the  current. 

Energy  Losses:  Unloaded  Transformer. — The  losses  of  an  unloaded 
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ti.iii>liimirr,  tli.it  i-,  I  ti.iii-l.  iiiu  I  with  m.  -d  ■  .inLiry  rurri-nt,  arc  ii(»t. 
tlii  r.  luri',  conlinKl  to  tli.  r^  lo^,,  ,  due  t.  ..Iimii-  ri-sistaiu f.  Tho 
pri.ii.iry  (  urri'nt  has.  in  iulditum.  to  supply  tin-  t  iK-rifv  lost  in  li\>tt'n<4i!* 
iiml  ill  iildy  ciirn  nt-i  in  tli.'  iron  -li.rts.  whirh  an-  pr.K  tu  .illv  ^  ti-^t.uit  fur 
a  Kivi  n  muKii.  ti^ini,' ( uricnt.  As  tli.  M-  lu«.s,  v  ;irf  ■.iii.iil  in  pi.  |"'itii  ii  \>> 
the  fiK  t;,'v  (h  alt  with  l)y  the  loaili d  t i.ui-ioi ni.  i .  it  is  convenifut  t"  t  \()rt>*s 
tliom  in  till  sanu-  way  as  the  I'luuii'  l()r.s,  nanuly  as  !.•  ---  R,  l,'.  wlit  rc  »• 
is  the  sum  of  the  two  "iron"  I  wsfs  and  R,  is  a  tim'tiplicr  which  rnalJfs 
11-^  to  i  xprt-ss  till -I  l(i-rs  as  if  they  w»>re  dm-  to  ohmic  rfsi>taiui'.  Thf 
tiit.il  liissc,  ;iro  thtnluic 

"  II         (''i  -   K„)  t„» 

and  the  multiplier  (r,  }-  r„)  i>  t..  \»-  iiswl  (or  the  vector  v,  K,  in  Fig.  949 
instead  of  the  simpler  mnltiplii  r 

i;\rn  with  tlii>  aililitioii  tlir  -i/,  of  v,  F,  in  Fig.  949  has  Invn  ex:igger- 
atiil  to  nhtain  a  well-defined  ti(<uie. 

Loaded  Transformer  without  Magrnetie  Loakafre.  -In  the  di  tt^nim 

in  Fif;.  940,  which  i-  the  vector  (li,n,'i.iiii  ol  .ui  imlo.idrd  tr,iii-l-  rnin .  m 
i>  the  no-load  lurr.nt,  and  i-  luarly.  hut  not  (|iiite,  in  <|ua<lr.ttiire  with 
the  induced  voltaiji-  1  ,.  It  may  be  conveniently  leijarded  :i .  consistins; 
of  two  vectors  i,„,  the  mi^nctisittg  current  which  is  nece-.s,,rilv  .it  tiyht 
anirU's  to  1;,  and  uattlcss.  and  I.,  the  pnwcr  current  in  |plia-e  wiili  1  ,, 
and  whicli  -uiiplics  the  eiier^v  lo>-t  throii-li  the  exi-teiii  ol  i.-i-ruice, 
li\-teri>is  and  eddy  curn  nt>.  The  k.m.f.  in  tlu'  oiHii-circuited  Mtoiulary 
coil  will  be  o  E,  equid  and  i>pjio*ite  to  oi:,.* 

Let  the  secondary  of  the  trui-loi m.  1  lu-  11. .w  L.  i.l.d  witli  ,1  n.  n- 
indiictive  hiad.  which  will  ri  i|uin  th.  |irim.ir\  .  uriviit  to  l.c  men  .i~cd 
to  -iipplv  the  additional  en.  rj,'v  n  .iuiivd  by  the  secondary  cin  iiit. 
A>Mimin,i;  the  flux  to  lx>  maintainetl  as  Ufore.  it  is  eviiUnt  that  the 
net  current  available  for  magnetisation  and  hvstere>is.  etc  .  lo^x-;  nm-t 
still  bi  M  I„,  whicli  niii-t  iicv  be  the  roiiltaiit  of  tlic  ciuivnt-  in  l...th 
(oib.  \\c  therefore  liist  draw  o  s  [{•'\^.  (J51)  as  bifoie,  to  itpresent  the 
tliix,  and  vectors  o  i:,  and  o  k„  equal  and  opj-tosite  to  represent  the  i:.m.i  .s 
it  Ix'ing  assumed  that  there  is  „•>  tiiiUj^nctic  l,\ik,r^.  .  mi.  i.  1.11-1  iit^  the 
F..M.F.  in  the  secondary  coil,  and  di,  the  |>ortioii  of  the  inipicsscd 
voltage  which  balances  th.  (([ua!  i.m.i.  in  tin  primary  coil.  01:, 
neces>arily  lags  90   behind  us.  whil>t  di;,  leads  by  ()o\ 

Since  the  secondary  circuit  is  non-indiu  tive,  the  current  v-  in  phase 

•  Here,  and  in  wtial  follows  tl'.i-  irmisfonniT,  in  order  to  .-iin.-lily  ihi.'  (liai;r.uiis,  a  .sunieil  to  Ijc 
a  "  /  /  tran</'r''?'-r  '  votli  s  .,  t|,.it  m  wnli  *  =  i.  Wticn  the  mmiljcrnf  turns  in  tlie  two  toils  i> 
not  til.  same,  ti  e  .iniiXTi.-tum-  insti'.iil  of  t!i.-  .iniperes  shoiil.l  In-  ploiityl  whenever  in.ignetisinK  elfcct* 
are  liring  dealt  uith.  In  the  ("Ttect  transformer  where  Ei  I:  =  R  i  •  ur  v.r>vi!.-!  r,'.^-.  h  >vp  j.  Ij 
(«r  «]uaiion  (3),  page  939).  Ailernativelylhe  diagrams  inav  be  eoiistructed  hv  usmL'  diiftrtnt  scaltt 
•or  the  two  circuits ;  in  this  case  the  »olt  scale  of  the  seconcUrv  will  be  the  k  .//  icaU  of  "the  primary 
With  aU  the  scale  numlien  JiziM  tqr  it,  and  the  ampere  icale  of  the  secondary  will  be  iktamttrt 
leali  of  the  pnntary  with  alf  the  nunbm  muUipUtii  by  ♦. 
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With  the  I  .M.1,,  ,111(1  Wf  m.iy  lu.irk  ,U(m>;  ('i;^  .i  vn  ior  o  i,  to  rtpre- 
Bcnt,  on  the  cuinnt  scalf,  tlie  xiondar)-  curn-nt  ij.  The  priman-  load 
current  ui,  will  be  found  by  drawing  tht-  par.ilU l(>t;i.im  i.,  i„i,u  m,  th.it 


,iliMirl)s  .1 


<>  lo  shjil!  be  thr  resultant  of  oi^.tnil  oi,.  I  lic  (  utrmt 
uTtain  volt.i);.'  ii|u.il  t..  r,  i,  Ikm  ,ni-.r  nf  .,liniic  n  ^i-t.mcc  .md  nv,. 
the  impresseil  voltage  reijuired  to  >upply  Inith  i»  K,  and  <•?•,,  is  obtanua 
by  combining  tJu-se  vectors,  dv,  is  therefore  the  p«)tenti.il  difference  at 
the  primary  terminals,  and  av,,  tin  imtuiti.d  diff.n  ii<-'  at  the  t.imin.ik 


y 


.1 


I. 


•/ 


o 


/ 


«{  the  second, irv.  is  the  ililli  nmc  Ixtweeii  ,  ,  and 
the  internal  dro])  i  ,\-.,,  wIikIi  i->  eijnal  to  r,i^  and 
is  in  phase  with  i  .j.  Ilie  plural  ctfect  is  that  the 
voltage  nv,  in  l  if.;.  qii  appears  a  httle  greater 
tli.in  in  I'iK.  049,  and  ov^  less  tluui  >  1^,  the 
potintial  diffeniue  in  the  »ijHn-circuit  lase.  The 
magnetising  current  1km,  however,  been  exaggerate»l 
as  compared  with  the  other  currents  in  nKhr  to 
obtain  a  clearer  diagram.  In  miKlern  fraiisfonners  it 
ni,iy  1)1  no  larger  than  one-fiftieth  of  the  ftiU-load 
primary  current. 

MaglMtie  Leakage.— There  is  in  addition,  liow- 
r\-er.  in  inoilrrn  transformeis  some  ni.i|;n(  tii:  leak,i«e 
N  which  means,  as  in  the  case  of  induction  motors 
{>..;■  pages  768  to  774^,  that  all  the  lines  set  up  by 
the  primary  rnrrent  <]><  not  link  through  the  second- 
■iry  winding;  .  :id  nct  ivz-.s,/  as  regards  the  in.ignetic 
elt(c'  if  t!u  (rundary^  current.  The  result  is  that 
tin.  iiu.\  tlu  iugh  the  primary  is  greater  than  the 
flux  N  througii  the  secondary,  and  therefore  o  in 
l"i,i,'<.  949  and  951  should  be  diminish-d.  In  the 
secondary,  when  under  load,  there  is  also  a  leakage 
liihl  which  does  not  pass  through  the  primary 
windings,  and  therefore  has  to  be  -uppliid  by 
n«J,«kla^aSiT"  *Pi^^""<>iir>'  mrrent.     It  will  be  convenient  to 

designate  the  common  thix  l.y  x  and  the  leakage 
tiu\(s  by  X,  and  n,  respectively,  all  these  synibols  denoting  maximum 
values. 

We  are  now  re:idv  to  deal  with  the  "  voltage  dm])  "  of  ,1  tr.tnsfoniier 
having  magnetic  kakiige  and  loaded  with  a  noii-iiuluctive  load.  The 
action  .IS  regards  the  common  flux  N  follows  the  same  lines  as  in  Fig.  951, 
but  tin  leakage  fluxes  Nj  and  Xj  are  now  snperpnsed  i  :u  h  f'-r  it-  own 
circuit.  The  easiest  way  of  dealing  with  these  is  to  regard  tluir  effects 
as  voltage  reactances  (  />  l  I)  vectorially  at  right  angles  to  the  currents 
producing  them,  these  reactances  being  added  to  a  transformer  having 
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Tit)  maf-notic  Ir.ik.i^:<  in  wliich  the  flux  is  N.  A-*  in  Ihf  previous  rase,  it 
will  hi  li.-t  to  ..inmnKi  with  the  secontliuy  si«le  and  work  liHckward* 
til  the  primary  ttnninaK. 

Let  (FIr.  952)  Im-  tl»e  i:.M.F.  in  the  secondare*  due  to  the  rtux 
s,  thin  1>.  ini,'  in  kiii.iI  im  i\  in  the  primary  halancitl  l>y  the  vultage 
"  I  ,,  whu  li  i^  mie  iif  chf  1  iiiii]'nnrnt>  of 
tlie  vi'hace  apiili-il  .it  tin  ]iiim,ir\  trr- 
niinals.  If  i» .*  he  flic  inat;nitude  nl  the 
Vdltage  reactanrr  />  i  ,  ij  due  to  the  !eak- 
a^i'  tl'.ix  N\,.  Ms  vi  cfoi  ilin-c  tion  ran  Im- 
.t-.  ■  rt. lined  1>\  marking  "it  on  thf  -tnii- 

I  u.  !<■  I'j  v'-,  1 1  the  i-honl  1  .  \' ,  1 1  <  'j 
•tiul  drawing  1  >  t |>aralli  1  to  that  i  hotd  , 
iiv'j  will  then  be  the  part  of  the  K.M.i 

II  I  usid  a;4aiii>t  ii-.i,tani  1 ,  and  v'j  1^ 
tlie  part  biUancing  ttie  reactance.  Tlie 
voltage  at  the  secondary-  temin.ds  will  b«" 
o  \  o,  which  is  It than  <>  \  ' ,  l'\  v'_,  %  ,  the 
vult.igo  required  to  drnc  the  luirnit 
thrii  i  .h  the  n-sistance  of  the  secondary 
of  the  transformer. 

The  current  in  the  swondary  will  tw- 
in [ill. ISC  with  0  \.,  and  inav  be  re]>rr~i  iiti  d 
Of  tlie  current  scale  byoj^.  Cdnibintd 
with  the  current  in  the  primary,  it 
},'i\(s  the  curnnt?;  i„,  .iinl      (s,c  also 
V'vj,.  M4<J),  whitli  are  the  ni.ii;ni tisinj,' 
.11(1  the  working  curnnts  of  the  no- 
load  current  o  I9.   The  primary  current 
ui,  can  be  found  from  o  i„  and  o  lo 
hvtlu'  Usual  p.irallt  1< p^r.im  (.I'li^trui  tion, 
and  the  reactance  voltage  o  t p  i.,  1', 
in  the  primary  cf)il  is  at  right  angles 
to  o  I  J.    In  addition  to  the  \  1  'l'..ii;f  1 ',  o 
Tiquilfd  to  li.d.iiU  i.'  the  rr.ic  I.iiuc  \i-.lt- 
a(4e,  the  inipressid  \(.|t,iL;i-  at  ilu-  u  \- 
niinals  must  also  supply  the  voltage  o 
(rathe,  greater  than  \\  Vj  because  of  the  greater  current)  required  to  drive 
the  current  o    through  the  resistance  of  the  primary  coil.    These  voltages 

*  If  the  leakage  tJuxes  N,  and  n,-  ixe  known,  itie  valiia  uf  c'j  and  j  j  tat:  be  utleu'atirtl  ffvm  the 
cquatioDi : — 

r'l  -  4  44  >;  s,  I,  V,  _  ,0-     I,  X, 
t'.     4'44  ■/      I.  \    -  10*  -  I_ 
the  quantities  \\  and     being  the  rc<ii.l.i!ict;s,  ^  i.|  i|  anU  /  i.  '  I3. 
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i:,  V  ,  (  "=  c\  (.i  ,in,l  V',  V,  (  :  u  ; iKiiig  a.iii^a  t,,  i;,  i,v  thu  Usual  con- 
structions, wf  obtain  tl.c  voltage  t.  v,.  which  mn^t  b«-  impresswl  on  the 
pnmary  terminals  to  oht.iiii  the  rc.|uiiv.i  v,,it..;;c  cv.  at  thr  >. ,  v 
terminals.  From  the  mrtiiod  of  ronstn..  ti,,ii  it  i>  .,r>vi..u-  that  u  v,  is 
gri-atci  tiian  u  i  and  sinr,.  ,,  i  (  „  ,.;,)  t;r.MttT  than  o  Vj  it  folh.ws 
that  o  V,  IS  fjieatcr  tlian  o  \  j.  The  (lidiiiiice  In-tween  the  two,  ofti-n 
exprcsstd  .as  a  prrrpntage,  is  the  vf>lfai;<'  Jro/>  of  the  transfonni  r. 
_  The  CUM-  uf  an  in.luctiw  1,..„1  1.,  in-  ],l,io  d  ,,n  th.-  stcoiid.ov  t.  nniii  dr- 
IS  left  as  an  t  xi  r.  i-..  to  thr  stiidmi.  liv  toliowin;,'  ihv  construction  ot 
l  i;,'.  1.52  hf  can  sniv,-  any  i;ivt  ii  , I.\  aUowing  for  the  inductance  of 
the  whole  circuit  in  drawing  1:,  v'^  and  rememljcring  that  o  v,  and  o  i, 
are  no  hmc-  r  in  i>hase.  "  * 

/'".wr  lun/or.    The  pliasc  relations  are  u'iv,  n        ilu-  diairram  in 
95-.  ^I'ld  are  interesting.    Thus  the  an^Ie  V, .)  1,  is  the  aiiRle  of  lay      ot  the 
priniar>-  current  behind  the  impressed  \oItat,'e  and  the  cosine  of\his  ancle 
is  the  povver  factor. 

The  currents  o  i,  and  o  t,  are  nut  i  x.,.  tlv  in  n|,,„,.,te  pi.as.s,  but  it  has 
been  aheady  explained  that  the  nKe.;iiit.!(lr  of  the  niaK'netisinR  current 
and  consi.picntly  of  all  quantities  <h  p,  nde:u  on  it,  has  be.  n  i  xai,-s'erat.-d 
so  as  to  ..htain  a  clear  diagram.  In  modern  transforn.ers  tiie  lo^^is 
are  prnp,,rti..naf.lv  i.iu,  1,  1,-,.  than  is  asMiiiird  in  thr,,.  diaKram.s,  and 
ConM-,iu.ntlv  til,'  piiin.irv  and  s^ioiulary  cnnvnts  aiv  niiicli  more  rlearly 
in  directly  opp.  i  iti'  ph.i-e-. 


Equivalent  (  uils.  -The  effect  of  the  volt 


y,  and  ciiiiriit  "I,  at  the 


primary-  terminals  is  to  produce  a  certain  volta.s'.'  n  v„  and  ,  nn."nt  m, 
at  the  i^,rondary  ternnnaN,  tin  v  .,|t  i;^r  drop  being  due  to  ohinic  r.  dist- 
ances and  niductive  reactances  in  both  the  primary  and  the  sicon-lirv 
Circuits.  There  is,  in  addition,  the  change  ..f  x-oltagV  due  to  the  lelatuv 
number  of  turns  on  the  primarv-  and  th>  sr.  undarv.  tli.il  is,  to  the  nitio 
of  /n,„sfon„„t,o„  k.  .\  p,rl\J.  /nn,^f„n,ur  mav  be  iina.nnied  which  has 
neitl.rr  r.swumce  n,,r  iiidu.tivv  .Iroj),  and  which  would  therefore  t'ive  at 
the  secoiulary  terniiiials  f,,.  all  loads  th,  vltai^r  ,,l  th.'  priniarv  ,hvi,l.,l 
by  but  in  dinrtlv  ..pp,.  ii.-  phase.  .<u,  h  a  ti.in-i,.rru,  r  w,,iil,l  li.n,  .in 
eftitiency  of  100  ji,  !  .  ,  nt. 

It  cnveiiient  in  practic  to  .onipare  an  actual  transform,  r  with  the 
correspondnif;  p,Tfect  Iransfonner.  Tlu-  most  important  .lifhrenci-s  .re 
thelowered  efhciency  and  tlu'         .,1  ,„  ,1,,,  „,,„„i;„,.  ,,,,nin,|s 

tlie  latter  Um-^  usuallv  r.l,n,.i  to  as  th.  v.-ltage  drop,"  tla-  sc.Jcs 
beini;  a,!|usted  for  the  rati.,  of  traiisfv.rmation  as  alre.idv  indicated  (s.v 
P''^'<'  933. /"o/W"/'-).  and  the  dn.p  bein;;.  as  a  ml,  .  ,  \i)r,  s„.,l  as  p,  ,,  ,  nt  ii,',- 
of  the  actu:U  pressure.  The  h>were.l  efticien.  \  is  ,lu.  i,,  th,  ciu  r  h.ss^s 
m  the  transfornur,  lli,  ,e  consis-ing  .,1  ■  iron  "  h.ss,.s  ,atis,,l  bv  hvsteresis 
aiul  ed.ly  currents  in  the  iron,  and  "copiH-r  "  losses  due  to  the  ohinic  u- 
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sibtance  of  the  copper  cii>  nit>.  .Mod, m  ti.m-fornu  i^  arc  d(  >i;;ncd  mi  that 
tlicse  two  classes  of  losses  slial!  |ie  pia(  t  1  ally  eijual  at  full  lo.id.  Tlui-, 
if  till  total  loss  is  4  pi  i  i.  nt.  at  full  load,  j  jht  cent,  shoiiid  lir  mad'  up 
of  "  iron  "  losses  and  2  jxr  cent,  uf  "  mpiHr  "  losses.  The  lir-<t-ii.in]i  d 
are  practically  constant  at  all  loads  ;  the  second  depend  on  the  resist- 
anre-  and  tlir  s(|uare>  of  flu-  cunrut-.  and  tiiMt'on-  v.irv  with  Uie  li'ad. 

rile  ai  tual  traii-loinii  I  tlu  'i  loie  dit'ns  tioui  tlie  pi  i  ln  t  tran-loi  iii' i 
hy  ha\  in:,'  indue  iann  ami  ohniic  resistance  in  its  copjHT  circuits,  and  l>\' 
the  "  iron  "  losses.  Tliere  is  also  tlie  wattless  ma,t;netisinK  current,  which 
In'  itself  would  catise  a  slit;ht  phase  displact  meiit  without  lt>werin|i;  the 
iliiiieni.\.    l"o.  iustanrr.  it  wi   n-draw  (lii,'.  05;    the  vi-ctors  «>V,  and 

0  \.,  of  I  ig.  ()5_',  n  versinj,'  the  lattt  r  because  ot  tlie  

change  of  dinction.  we  sfc  that  the  actual  voltatje     *  ^- — 

drop  is  represented  l.v  thi   \..tMi  \ ,  \\.     liiis  di..p  -  y' 

cm  he  resolved  in  ni,in\  ua\^  lutu  a  coniliined  oiiniii 
aii  1  iiidui  tan<  r  drop  liy  desciihinj;  a  icmicirde  on  V,  Vj 

and  drawing  lines  from       and  Vj  to  j)oints  on  it.       '       \        /  '* 

Two  cases  imlw  Iiowewr.  need  he  conoid  Ttvl  -  one  \  / 

in  whii  ii  \  .      in  jihasr  with  1..  w  tlie  nliiuie  and  \',  \ 

at  rigiit  angles,  is  the  inductive  drop,  and  the  otlr  r  in  ^' 

which  V.J  P,  in  phase  with  i,,  is  the  ohrnic  and  v,  P.  at         '  /  ^| 

riu'ht  angles  to  it.  is  the  inductive  dn.ii.    The  t;re  it  .      ,  ' 

ditleretue  lu  tweru  these  tWo  (  asi  s  is  ilue  to  the  '  irge 

v.dul  assunu  1  for  tiie  no  load  rurri  nt  Ig  in  Fig.  c<53.  / 

With  a  v.Uue  nearer  to  what  obtains  in  practice  v 

would  he  much  closer  to  p'.  \ 

Ii  till   input  lUin  nt  l,  is  i.iki  n  ,ls  the  niiihipiui, 
,1  r,,\\  with  a  n  ac  t.uK  r  /•  l.  sueh  th.it      I.  1,      \ ,  f 
(Fig.         ;in<l  a  resistance  r,  such  that  r  i,  =  v„  p,.    fi^.  ,„._"v,„o,  n,...,  ,,. 
Would  111  a  coil  "  ei|uiv.di  nt  "  to  tin-  traiisf. .1111,  1 .     Il,       '  •  1'i'iictive  lirup 
on  the  otllrr  h.Uld.  I,,  he  the  lUultipliel.  We  riUlst  li,i\e  I.  .Llld  1;,  s|ii  11  that 

p  1.  \  1  i  '  1:1!  1:  1^  X-i  v'.  .\s  in  prai  tice  p  and  p'  1  l.sr  tom  tlii-r, 
there  is  but  little  dilieience,  and  I,,  the  input  current,  ami  the  point  p  .ire 
usually  adiijited. 

l'..  di  al  With  this  piiililrm.  i  »r.  K.ipji  introd'uis  two  otlu  r  tlno- 
relu.il  colls,  which  are  su],ji,,,,.i  i,,  |„  placed  as  sliitnt\  across  the  supply 
mains,  and  whose  ilectrical  const. mts  are  an  inductionless  resistance  k„ 
siicli  that  Ro  l,r  i^  ei|ii,d  to  the  n"do.id  loss,  ,ind  a  resist, ,1,  s^  ikiIh,  tanit 

1  ,i.  such  that  /)       the  leai  t.ui'''  w  ill  II  inultipli.  d  by  1  .  tin   111.1^:111  iisint; 

illMillt.  is  (.pial  to  \-,.  til.  lull  line  VI  lit. lye  Used  in  IlLlk'UL.'  the  unload 
test.  The  nodo.id  cutieiit  i„  .uid  power  ..  aii'  obtained  by  tests  ,it  iiiil 
working  voltage,  the  secondaiA  being  open-circuited,  that  is.  unlo.ided. 
Reference  is  made  to  the  details  ol  such  a  test  later.    If  i„  ami     Ik-  the 
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current  and  powr  so  meaMiral,  and  v,  the  working  vuItaKC,  o  E,  and 
f  Vi  (Fig-  9i9)  are  very  nearly  in  pii^sc  and  the  angle  (•)  of  la«  v.  o  I. 
IS  given  by  —»    i  • 

/• 

V  I  >S  0  —  

The  wattless  component  of  ;lie  current  i,  is 

I :=  lu  sin  ^ 
the  working  component  being 

By  far  the  greater  part  of  the  last-named  component  h  due  to  the  iron 
losses,  the  value  of  r,*  i„,  the  copper  losses,  being  so  small  a-  to  be  ouif.' 
negligible. 

These  coils,  combined  with  a  scries  coil  having  constants  L  and  k.  such 
that 

pi.  -  '"^"'-'"y*^  drop 

^  _  ohmic  diop 
~  I, 

will  then  be  "  e.juivalent  "  electrically  to  the  actual  transformer.  The 
advantage  of  using  shunt  coils  for  tl...  "  iron  "  l.,sses  of  the  transfonner 
IS  that  they  leave  the  pass  on  %oltage  unchanged  to  the  equivalent  series 
coil.  h..ving  an  equival.  nt  resistance  r  and  an  equivalent  reactance  >  L. 

The  value  of  k,  the  "  equivalent  "  resistance,  has  already  been  woik.d 
out  above,  for  it  is  independent  of  magnetic  leakage.    It  is  (see  page  ojo) 

"    '-  ■       ■       .  ill) 

Snnil.irly.  ,1  /.  L,  i.nd  l,  be  the  separate  reactances  of  the  primarv  and 
secondary  circuits  due  to  magnetic  leakage,  the  "  equivalent  "  reactance 

pL        pL,    -  pL.,k*       .         .         .         .  (,^, 
=  X,  +  X..  k-' 

wh.r..  X,  ,uul  .X,  ..M  1„ cicuiatcl  .,s  c.xplaine.l  on  page  0J5  (footnote). 

ircJctamniation  of  the  Xo-loaJ  Current.~.\n  approxini.itr  ,.f 
I  the  magnetismg  current,  can  be  readilv  c.,lc.ilat..d  ir.,ni  the  det.iils 
cf  th,.  n,,,^,u  i,.-  urciit.  which,  it  will  he  reiurnibm  .1.  cumm-  „,  ordinary 
transfoinur.  almost  entiuly  uf  magnetic  material,  which  lor  the  purposes 
ot  tois  ,  ,,lculation  m  iv  assume  to  bo  of  uniform  cross-smional  ana 
(A)  throughout  the  length  (/)  of  the  median  line  nf  the  linx  Tiie  f.,n,l  i 
mental  equation  of  the  magnetic  nnnit  (s.v  page  2i>{,  Vol.  1.)  may  be 
written 

H  A 


can  be  sliown  to  be 
or 


SHOKT-CtKCVir  TF-XT 
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irom  which,  remembering  that  N  =3  B  A,  we  ran  at  once  deduce 

 B/  .oy^B/ 

lo 

The  value  of  i,,  the  other  comixuient  of  i ,  can  bo  lali  iilatnl  imm  the 
equatiun  if  =  Vj  i,  if  the  loss  a-  allowed  in  the  iron  is  known. 

Tlif  magnitude  of  the  nu-load  ctirrent  is  then  dttennined  from  the 
equation 

Short-circuit  Test.  -Thf  m.wt  (  .iiivnii.  nt  im  tlnxl  ..{  i.lit.iiiiiut^  till- 
"inductive  drop"  is  by  tlie  slmrt-cin uit  test,  wliuh  ciin>ist-<  111  slmit- 
circuiting  the  secondary  and  applying  such  a  voltage  to  the  primary'  as 


Fig.  »54.  lie-  95S- 

Vector  Diagfaiii«  of  £hon<ir -aited  Transfornwr  ftnil  iu  Intluctiv*  T>ro|ih 


will  generate  the  full-load  cnrn  nt  in  the  scromlary-  Tin  pr.u  tical  driails 
of  this  test  .lie  ),'ivi  11  l.it<  i . 

The  vector  diaj;iaiii  o[  tiic  tr--t  n  ^i\tri  in  1  1^.  i>54.  wli'ili  l  ifl  'i5^ 
modified  by  making  u  Vj  equal  to  zero,  whilst  i»  jj  is  iiiu  lianged  in  nia),'ni- 
tiidi\  The  sanir  li  tters  are  usid  fcr  -iniilar  points  in  tin  two  fijrures.  and 
till'  onlv  discrcpani  y  is  tliat  i„.  Im  nhv  idu-.  r(  M>on  -,  lias  not  h(  <  n  rediired 
Mitlicientiv.  The  -student  shmild  ■.unpii.  iiu-  .  .in-tnii  Hon  i  1-  <n4 
with  that  of  Fig.  95a.  The  nsult  is  tiiat  to  nbtain  tiie  1  m.k.  k  1  ,.  m  tlic 
sernndarv  coil,  with  no  voltaRe  on  the  temiinaK.  the  applied  v<»ltaiie  must 
1)1'  ^lli'^  (Hi.inlit\  II  \',  I-  till  II  lull    till    iiiiiu'  tivf  ilii']i,   ■  nie  it  is 

all  used  up  in  the  translnnia  i.  It  ^cf  mit  --i  p.it.iti  ly  111  l  i;^.  ((55,  winch 
is  a  diagram  corres|>«)ndinK  to  l  i«.  t»54.  the  same  Malti*  being  used.  It 
is  int(  restini;  to  imti-  tli.it  nv,,  in  l  i;;  <)55,  is  pKn  tii  ally  e(|u.il  to  Vj  V, 
in  l  if;    95J,  though  i..r  plia^e  angle  i>  ditfermt.    I'lie  inductive  (om- 
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iror.  .,,..io„  („, , , „„:.  v,;Lr;,;:' w!,.;;:;;,:;:.^ 

ihr  a,.,.!u  .ttiun  ..f  vectur  diagrams  tu  transfunn.T  w..rku„.  a.  .  xnnpli- 
fied  alH,ve  has  been  much  further  elaborated.  Cnsul.  ,at,:.„,  of  u  'c 
prevent  us  hom  deaUng  with  tlie  theory  in  greater  detail  ^ 

I\     -SIAIK    r«ANSF(>RMER  WORKING 
is  .nlit.iV''''*"  Z^'^'f"™-^  ''-'^       '"-"^  lMrt~,  it.  ..,„.ratiwu  i„  ,,ract„v 
n  rf  ''"'^      — --1"-  ••  Tl.e 

w        ;       :  -rangem^nt  and 

Transfonnations  required  ki  Practice.    ri„  ,n  „„  transformnti..,, 

^'^         tTo  tT,  ">ualiy.  bat  lu.t  always  required,  i-  , 

-  (.      ijooo--^     ^himse of  eleetrir  pressure  or  volta;;,  . 

wifli    cr  \vitli..ut    .liaii-,.  ,,f  plia-c. 


.■'0 


nnmnr 

h  vi  •  ■  v>  - 
H  loo 


ether  than  the 


formation 
\'oltai.'( . 

traiH!,,iiuati,m>  iiiay  n.iivenifntlv  be  ilia 
rented  as  u,  tlie  following  figures  there  l,eiiiR  „ 
calU'd.  „r  aiixdian-  apparatu-  ~1i,,\mi.  ti„ 


(  liaii^'<-  (.f  pciiudu  ity  iiiav  also  be 
demanded. 

Diagrams  of  C<jiiiur/i,,)is.~  -^T\i-  u- 
I'r.-entation  of  the  vie,  tru  eircuit-  „f 
a  Matic  tranM..iinei  -liagranunatically 
1-  -imi)le.  hut  tu  make  matters  quite 
ilear  it  is  d<  sirable  to  combine  it  with 
l>n.'f  ^iiniinarx-  (.f  the  .  l„,ve  traiis- 
f'tei.pini^-up  '•  ,,r     -teppmi^-duwii  "  of  the 


Mininatii  allv  lepir- 

'•larkin:;  of  tli.>  teiimnaN  is 


5.     ,  '  "    "  '  "  I'V  tlio  numlKTs  inserted, 

circu  r*s^^;f?rr  ^°  -i'  (")  tw„  ter,m„.,s  for  each 

o  .,  00  "'"  ^""^"J^i'-y.         someti.ne>  requirtxf  is  (6) 

o  snppK  a  t  „e.  uue  network,  the  diagram  wiU  be  as  in  Fig  0,7  jZ 
tvmun.d  i,„  ^vire  is  marked  /  1  tig.  9,7. 

an. ""^^..t'ri^r,  r  '■■'■""■"-p"-- 

„„l  f  L         I  '  '"  ^"  f'-qu're  four  terminal^ 

a.e  ~m„lar,  and  ,  on^.t  of  two  indep.n-Ient  en.uits  with  the    urn    .  , 
quadrature,  .art.ng  each  front  two  tenn.naU  o„  the  uluZJ  n 


AcTVAi.  Trassfokvatiosh 


t!i.^  other  [Vv^.  <)5t)l  tlir  Sficn.l.iry  .in  tiits  ^iipplv  .i  thrtv-win-  system,  the 
cmiiiits  1.11  tlif  two  -iil.s  l.iin-  in  .itui»Ii.itiiM'.  I'ut  tlil'tVrmi'  fi"in  tb.-c 
!H  l.y  the  voltam'  atri)>-<  the  outers  b. mi;  ,i\ .iil.iMf  ("T  \\.  tkin£; 


It   L  voltage  1-41  (  =  the  voltaue  ««f  litlii  1 

I  ll-  \..  t..i  iliai,'r.iiu  (m->'  i>.ii.'''  7'''"  I"!'  "S'l  M.i"W' 
is  givi  n  i!i  I  <)<»>,  Uu"  p)ti'nt 1  11  liillrri'iUT  of  the 
tfrmiiuii-  Ix'iiif;  represfiititl  by  the  veetor  Y  <>. 
anil  tliat  of  tlie  teriniiials  A,,  t>y  tlie  vector  <>  X- 
I  he  n^iiliaiit  Vector  v  x  ii  pii --i-nts  the  jHitenti.il 
ihtlerenee  oi  the  terminals  i(y''|. 

Three-idiase  to  Three-phase.  As  we  ha\'  ^  

-liown  (Kiw'-re.  tlii--  tiaii-foriiiatii'ii  1  ai\  be 
■  tell  ritlii  1  by  a  ^iii^le  tiaii^loiniei  with  --ix 
^  .lis,  three  primarv  and  three  -K  .inilaiA,  ot  bv 
the  joininR-up  of  three  similar  siiii^le  pha-e  trans- 
formers. The  three  roils  nn  either  '-ide  inav  be 
<..llllert'  il  vi])  I  illirr  iu  "  III.  -Ii  "  "I  lu  ■  -tal."  .iml  i-;^, 
th<  retore  four  po>-ible  tombin.ition>  an-'  .  ii.im>  1\ 
(1/)  "  mcsh-mcsli,"  {h)  "  itusli-stiir,"  U)  "  ■  »;  '  .1 
The  \.'lt,i;;'-  irl.iiions  an  intenstiiii;,  ami  ar 
iiuniliei-..    In  tiir  lolluwmt;  (Jia);rani-.  \vc  ha\e 


A,  n 
T 


b61 


m 


1.000 


-  100  - 


fij.  960. 


ihrce-wirc  L-jad  Conne-.tions. 


:  /;."  ,111.1  ■ 
1m  -I  illu-~trateil  bv  ai  tual 
i-sumed  (i.)  that  the  hiijh- 
voltaye  -nil-  i--  the  pMni.ii  v 
and  is  ^upi-linl  with  «  nr- 
rent-'  at  1,000  \olts  iiv» 
///(.■^   Hid  ii.)  that  thestejv 

down  l.ltl..  between  coils  oil 
the  tr.ui-tornier  1^  10  to  i. 
We  ha\i  aUo  tui.i  marked 
the  correspondiiiL;  coils 
A.  H.  e  and  a.  h.  c  ■  n  tlie 
two  sides  and  tip-  •  oil  ti  r- 
minals  as  b.  foie.  (iv  (  the 
line  leiniin.d-  beim;  ni.U  ked 
x.  V,  /  .mil  \.  y.  :  11  -pec- 
tivi  Iv.  The  !ii;uri^  uIn  ■  m 
are  for  perfect  traii^lonin  is 
without  any  Io.-s(s. 

til.'  "  »ll•^/l- 

)iic^/^  "  connections    is  the 


finiplest,  as  (Fig.  0<)i)  the  priinary  <oils  a,  n,  c  ea<h  receive  the  full  hue 


voltat^e  of  i.oou  \olts,  and  the  secondary  ci.iK 
X,y,  z  the  simple  transformed  voltai;e  of  100  volt 


\i,  t  deliver  to  the  lines 
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C.,v  (-/,^tl.o  '•  star-,lar '•  roniKrti.,ns    i.  ,..,,:.,llv  M.up",-    the  line 

»*t«ec.n  tlu  „:  „,,UA  ,.,M,n„.l.  dt««I  by  tl...  rati.,  of  transfor- 

J  m^n.  Spt-cial  notice  shoiiKl 
hf  taken  of  the  different  m 
tht'  vohiiKis  between  tlu;  line> 
(i,«K»»  anti  loo  resix'ctivelyl  and 
the  voltages  in  the  roils  (577  m.l 

rrvp,Ttiv<  |v  .    Till.  (lift.  K  ii. 
I-  liilly  expl;unetl  in  the  next 
para/^'raph. 

The  other  two  laM  s  are  not 
simple,  since  the  ( oils  aeio>^ 
the  hues  are  ditlerently  connected 
oa  the  two  sides,    la  the  "  mcsh- 
^  "  case  (b)  (Fip.  ^j)  the  hiph- 
voteagf>  (I'limary^  ...i!-  .ire  ea,  U 
bridged  ac  r()>,s  tlie  <  irrespondiui; 
phase  ot  the  suppK  lines  to  re- 
ceive the  full  line  vdtige  of  i,0(k> 
how«'ver,  coils,  earh  carrying 
IT  sfrif-  ill  i>.iir>  acn— -  the  oul- 


Mcth-mMli "  Conwoiuiia. 


V"lt>  <•;,  I  ,  iow-voltage  (socondarv* 
a  transformed  voltage  of  loo  volts,  an 

gfini,'  line-.    The  100  volts  in  each  of  anv  pair  are,  ho.vfver. 
tfar  pha>t  lilt!,  lenie,  owing  to  the  y 
nKthod  »>f  connection,  being  Oo"  -ipoof — 
{i«k)"  -  120°).    The  voltage  across  ' 
an\   pail  of  terminals,  e.g 
(      "11 ''ot 

,  do 

2  •  (loo.Cos  r)  =  2  X  100  : 

—  17.!  \-olfs. 
1  ii'  •   It.ii,'.'  on  the  secondary  lines 
»  t  i  .        times  the  transformed 
voltiun'  of  100  volts. 

In  rase  (1  1  thr  po--iti(.n  is  re- 
wrsed.  for  (l  ij;.  i)t-,^\  it  tii.- 
primary  ceils  which  are  in  serii  - 
across  the  supply  lines,  and  there- 
fore, wif 1,000  volts  between,  x  v 
(  =  -^i)*»i  oniyreceivi  s  a  pressure  of 

=  577  volts. 


in  phoise. 


V3 


CoaatctiiHu. 


AfysN-STAK  AKV  Sr.lK-MeS/i  CcA.V/^t  //.'.V.V 
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iiilarv  (■•'ils  is  oiilv 


z 


And  z.  this  inus't 

uf    I.IKH  VtlltS 


WMMI 
1(UI)0  ,.  l.<>«« 


Tliu-  t!i«'  vi>lt,ii;>-  in       !i  <■(  tlic  xcu 
.iiiil.  a-  tlifM-  r(>il>  art'  'nridp  il  ;uT(»s«  tlic  «ute<>ins;  liiu-^  ».  > 
al-  '  i'l-  tli<'  (iiitL;iinu  \i'lt.ij' 

It  will  l)f  noted  thai  with  .i  i  -n-t.uit 
thrff  distinct  voltajjes  .  ,in  l>t 

iiht.UIU-il    (Ml    tllr  -ir,^iiiar\' 

Imr^  .iccoulini;  to  tlif  lUftlKMl 
ulctmnectiwiadoptiu.  Iht-v 
arc  58,  iwj,  and  17.;  voit> 
ropt'ctivclv.  tilt' numlxTs  Jh'- 
iiil;  lu  t'l'  ;  .itio  of  I  :  v'.>  •  .'. 

la  the  l.i-t  case.thf  "star 
star  "  cast-  already  rffcrn-d  to 
(Fiu  o'li).  till-  jnillini;-down  •r— r 
lit  'h-  \  i)ltiii;i'  per  1  nil  on  tlii' 
linir..;:\  >id<'  is  coin{K'nsatfd 
i>y  It-  L)t  ing  built  upa^ajn  on 
tlu'  "HTondary  sidf,  so  that 

till-  line  Vdlt.itjf-  to  tip-  twi. 

sidi's  have  till'  trun-foiiiK-i 
iati»  of  10  to  I. 

On   fach   star  diagram 
thert'  is  a  .  oiniuon  or  neutral  point  n,  whidi  can  Ik-  conr.HtiHi  t(.  a  fourtli 

....  .        .         .  ••••  1.1:        4   I  trt.Jt 


terminal  on  its  own  side  if  so  dfsirod. 


1,000 


Til. 

Y 

-1 


"V 


Kit-  964.  -  S!««t-l'''»!>'  •'■'W  mi.-. 

Conneviiotij 


I'lMOioinr' 


..t  tills  t.Tiniii.il.  a-  w>'!l 
as  tin-  ri'a-on>  for  ,uio|itMit;  oiu' 
or  other  of  Ihi'sf  {"u;  in.  tli'"U 
ftf  ( onnt'ition,  i-«  nfi'm-d  ti> 
cKcwIh  ri'. 

>/i(»  '  —  Bi'-idc-  tin'- 
abovo,  whii  h  tuav  t»-  t  allf  I 
tht^  standaKl  rtwmt-i  tions  tor 
thn- ••phase  '  Thr.v-phaSf 
traii-l'nii.itKii  'iierf  is  a 
nni.  h  K's--  wid.  b  known 
method  to  wliiili  reft'ti'ircf 
ha-  already  Iwen  made  (see 
paL;e  S;4  )  the  "  star-yii^/ai;  " 
nu-tliod.  It  is  n-etul  iti  1  a-es 
in  wi;i<  Ii,  the  -»  eon  lary  bems 
ill  "  ~t.(r.  '  ;i  ■.  ri.dile  part  of 
the  load  may  oe  joli.ecl  up 
between  liiu-  and  neutral  In 
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till-  I  .l-r 
lit  tWCfll 

neutral 
case  till 


Electkicity  is  tub  Slkvks  of  Max 


'  itc  1  It  \v,i-  i|.  >ii 

lilU  -.  .111(1  llj^lltll); 

on  .1  puhlic  distribution  network. 


It 


1  '•■  i'l.ui-  power  loads  at  ^.m)  volts  three  phase 
loa.ls  at  >'jo  volts  .inu'h'  i^h  ,-..  1.,  tw.rn  line  and 
"l'\i"iH  that  ill  -uih  a 
\  I  ry  mueh  "  out 
"f  lialaiii  e,"  aii.I  in  that 
vent.  shunM  tlu-  Iii-li- 


loads  between  line  and  neutral  may  at  tini,  . 


N 


.•.It.ii^f 
-tar  " 
svstem 

-t  iM.-.  , 
l>'il,iiii'ii! 

llierefori 
>  ifv  tor 

lih  -h  - 
tiiiii,  will 


'  1)1-  al-« 

i  niuKi  ted,  the 
bcromes  nn- 

nd  \  .  rr  ;ui- 
■    "t    thf  Vnlt- 

-idt~.  It  is 
u>ii.d  to  -jif- 

•ll<  h  (  a-cs  the 
"ir  "  i  onnf<-- 

ii  11(1  eNsitates 


on  the  hish-voltaye  side 

.1  iiKiP'  ,..stlv  wiiidin;,', 
'  -pri  i.illv  Mil  -niall 


fraii-furmu.-.  than  the 

11,       .  ,  ,.  '  hcaiHT  ">tar"\\ini!inL:. 

Ml  I  -     i/h'"  /  '■""""•"""^  'imt-  ^implv  in  th..  dia.i.nn 

>  de  hal  the  wmdm«  of  .a.  h  pha..  i.  „„  ..„..  ,„„,,,,„,  „,„  „„„.^  , 
lie  i..xt  hmh  with  tl„.  .„«,:,.,„„„.  ,„vers..d.    Thus,  for  the 
half  the  wmdmK  ■/  H  ..n  th..  .x.i  iiiiil,, 
and  the  ..iher  half ..'  is  on  the  v  v  lin)'>. 
The  veitcr    liai^rain  ,.f  i),,.  luw-VMlt,,-,. 
sid.-  is  ,L;i\vii   in  I'l-.   <,(,(,,    I-,,,-  Ii 

phaM'  ilir  w,  tnr.  ni  III..  1, all., -nils  are  ^  ' 

representKl  h\  dotted  lines  \\itli  a 
phase  tiiftm-nee  of  fm  .  and  th.  ir  n  stilt- 
■  iiit  l.\-  a  rcnfiinii.iis  iin,..  T]|j^  ir-iiltaiit 
\"l'ai;f  li  .id>  ,ju  on  the  limb  volta>,'e  : 
f'T  iistane.',  the  \  voltage  leads  30  011 
the  ,/  voltaf^e,  a  p..int  whieh  inii-t  i;..t  x 

be  ..vedooked  if  it  .diould  !),■  ,k-,ii,,|    1.  *oovo'^.  ---- 

t"  I'.'ralM  with  urdinary      .tar --eon-    *  n.. v,.,.  r  ,^,1  o.  .•^;i:,.,"" 
iie.t,-,!  r-trondaries.    Another  point  is  '^  ■■y.^u.u^ 

that  the  roils  „  and  nm.st  be  wound  for  .1  v,,lta:;.  „t  i-  M,lt,  ,|  the 
resultant  „,  1,..  ,  ;„  ,,,1,..  This  means  that  al.„ut  i,  p,.r  cent,  more 
copper  mu^t  be  ,,...,1,  and  the  >e.  o„dary  windn.;,  i>  ni'ore  ,  ostly  as  well 
as  more  eomplicate.i.    The  e.xtra  eost.  howev.  r.     mn.h  mon-  than  saved 


4 
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on  till-  "  >i,ir  "  primary  liicli-^ "It  i-;''  vmii'Iim:;     MurcDver.  an  iiiibal.tix cl 
i  i  ir.ini  lines  to  neutral  <lo.^  n^t  r>  ii.liT  the  primary  uii'^t.ible.  tiorause 
the  want  of  balance  is  distribututi  on  the  hnibs. 

Line  and  Coil  Phase  Relations,   of  even  more  iniportaiiii<  tlian 

tin-  v.ili.i^f  i.itii'  "I  the  --upph  linr~  ,uhi  llii'  ..111,  .if  tlir  ti.iii-l  'mur  i 
th'  H  ptia>e  relaiion.  r-pr,  i.ilK  wluii  qu  -iimi^  <>\  p.ir.ilk-l  riinnni;,'  li.iv.' 
to  f«-  ( onsiilered.     Tlu-  (.i-''-.'!  ino-t  piaitiial  inii>ortaii<  e,  ami  the  only 
<ine>  with  whirh  it  is  inteiuletl  to  ileal  here,  are  tlio«.e  ot  th'"  ■'three-phase 
to  three-phase"  triin>tormatioii. 

I  .ik'  th<-  '  \U'  A\  "  c  .innei  tion>  ln>t .  anil,  in  \  <>>>-.  !•  I  th  ■  tiiu  ^  m  !■  , 
ol  the  njuil  iteral  triaiif^le  represent  vei  torially,  a^  mark-'il  by  the  arri)w 
he.f'U  ami  t  .  the  ( urrents  and  th«-  etfertivt-  voltages,  unit  power  factor 
beinv  a>^iuneil,  in  the  three  coils  Ao  A,.  u«      and  t  jC,,  which  are  "  nie-li  " 


Z  z 


<  onliei  ted.  riu'M'  iiirreiii>  ari'  ({■  lisfil  from  the  >uppl\  line-  .s,  y  and 
z.  the  currents  in  \\hi<li  .ire  lii  i^vn  in  iheir  <  orre' t  .ituyil.u  pi'-itiuns  rela- 

tu.l\  to  tin!  vertoi-  ,,|  r!i'  111':.  -  III  the  i.ni-  ..1  th.  lii'-h  The  Vector 
iliie.  tion  ut  the-.e  line  i  urr.  iil^  w  .li-..  iii.irke.i  in  arrow -ilea' U. 

Till'  clock  tli  icraul  from  which  N,/  p.n;e>  5(0  t.>  ^  )X.  \'ol.  I.)  the  six 
.ui\e-  1:1  tiieii  i   relit--  .    ; ..  ni  l  !..-  in.,).-,  t    1  J     ,;\i-n  ni 

|-i,  The  i.i'ti.itiiii.;  hiie^  111  thi^  ili.:.;r.iiii  .ri  ni.irkeil  with  th.,'  s.ime 

lcttci>  Us  the  \e!  \nr>  in  I'lii-  <)>ij,  and  ate  dr.iun  parallel  to  these  vectors, 
follow!!'','  fi  u>ual  (onvention  that  the  dire,  tion--  are  all  outw.irds  from 
tile  1  eiitral  point,  ih'-  iii'  -  are  al-o  nf  tin-  pmin-r  ri-l.itive  leiiLjth-.,  repre- 
s«>ntin;;  ti"-  in.ii;inih.|<--  -.i  Un  'Mii.iiI-.  .him  it  will  he  iiDtice.i  that  .\,  Y 
■nd  ■        hm/er  I'l.iii  A.  ii  .iii.i  ■      llie  ratio  i-^  ^'i  :  i.  or  1-7.5  .  1. 

-ho  s-rura  v  of  this  i.itio  en  be  proved  by  eonsi-kTint;  the  relations 
'>f  th:'  .=£r<  :it-  .It  ..lie  i-i  ih.'  ii.''iit--  lit  the  nie^h  tn.iiicic,  f'.r  iii-t.im  .  the 
\  It  1   J.  ^it     ihese  ve.  tor   a'c  re-drawn  m  Fig.         from  which  at  tirst 
lit 
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fig  v'/ij  — Ve<  l.ir  1  iiaijrani 


sight  it  would  appear  that  these  three  v»tt»rs  cannot  |V)ssihIy  balance 
one  another.  A  reference,  however,  to  I'ii;.  qfty,  which  is  .i  cli  i-r.mi  of 
conn<'ctions  as  wfll  ;is  a  vci  tor  ili.i^r^itn.  ^Iinws  tli.it  at  tlu'  imint  .  un- 
siilereil  nw  "i  tlir  vic  inr-.  ii  ilini  ttcl  tow.nil-  tin  jiuint  .iinl  tli-  "tlicr 
two  awa\  Iruni  it,  ami  Ihcn  fore  a  t  urn-iit  .it  tli.it  |«iint  will  1h-  tnitrnt  iit 
from  B.  Ri^nng  entrant  currents  to  x  ami  r.  In  fact,  in  dealing  with  multi- 
point diagrams,  such  as  Fir.  ofi>\,  it  imi^t  !»•  i.  inrmln  n  .l  tli.it  .1    urii  rii- 

i.irrMiii:  .  (niilu.  tur  nr  inil  lii-  t\M> 
'  till-,  .it  one  of  wliii  li  the  turn  iit  i  nters 
ami  eimrKe>  at  the  other.  N'l.w  an 
enuTtjinf  end  i  xiilently  has,  nl.itively 
til  .III  I  iitr.ml  c  iid,  the  iip|iii-itf  jiro- 
jiertus.  whkh  .irc  lomi  iitly  doig- 
nated  bv  the  sjfjrts        md  — .  >  1  bv 

'm  «  K  I.  iKifc-.  .^,8)"  "        the   V'.t'!'    .|ll.mllt\'   rrtli'l  l.flim 

nj...irilc.l  .!>  is,)"  ,mt  <i|  ph,i-c  .it  tin- 
two  i  iid-,  tlinuj;ii  it  is.  in  f.ut,  the  same  quaiitit\  *  If  we  agn  1  th.it, 
at  the  junction  tinder  consideration,  an  emerfjcnt  end  ~li,ill  i  Mnventinn.ilix-  Ik- 
regarded  as  -j-  (as  in  continuous-cnrrent  fjciu  r.iti ■!  wurkiim).  then  wlu  n  we 

;iir  I ' iniluiiiiit;  tlir  vci  t^'is  \,  h.  c,  \vi'  imi-t  i. -.iril  \  .md  c  ,i>    .uid 

B  If  tlierefiiie  we  reviTsi-  11  .md  ili.iu  it  .is  u'  all  the  victors 

will  be  —  and  the  lines  x,  B',  and  C  K've  the  cornrt  jiii.ix'  relation*  and 
I  .III  lie  >  iiinliined  accordiiit:  ti.  tin  usu.d  rule>. 
("unil'iniiit;  h'  an<l  <  ,  wc  i^vt  in  mactiitiidi' 
.md  (iiii  '  tioii  tiic  vii  tur  \'  equal  and  uppo-iti 
to  X.  which  it  l  ala  <  :es,  fulfilling  the  usu.il 
condition.    For  magnitude  the  two  trian».'les 

o  b'  c  and  x'  b'  c  are  obviously  equilateral.  _   

and  ' 

O  X'  =     2.U    C      t''IS     \(.'         J.OC      X  =  ^ 

Tlui-.  the  ratio  uf  the  vect  'i  x  ti*  tlie  vci  i  r  c 
is  ^  J  to  I. 

Take  next  the  i  .ise  <  !  '  star  '  ronnect.M  i!  -,  as       .71..— Vcnor  DUittam  f  •■  sur' 
shown  in  V\^.  <)-;o,  in  which  the  pha'^es  <<i  the  c.Vm«<ion». 
currents  .in-  irp'e-ei.d  1  hv  flie  line-  X,  \   m  l      r  i  liatiii!,'  I_'n°  .i[),irt  from 
the  neutral  jHUnt  h.  liu-  dirertions  of  tlic  \ectors  l)eiiiK  again  j;i\\n  by 
the  arrow-heads.    Distributiiif;  lines  may  be  assumed  to  Inr  attached  to 

•  The  .iiitlior  is,  of  cniirsf,  iware  that  il  i<  not  th>-  iniial  pr.i'  li.  ■  in  allfrnalinR  curretit  nr^lilem-^ 
10  rt-i^.iril  >i  rurit'ru  m  (iu.-  cml  cl  i  ■  nmUu       >>t  in  !  »^  i:i  (hi*  upp..  ,le  ph^'.f  I"  thr  cuirvnt  ,ll 

tlir  ultHT  riul,  I. at       .  ihlf-tiils  tli  it         M  ■..riiti'ifi     t  ;   t    ^  .1  >-nt  ifi — 1*.  lOli.c;  r-it 

leads  to  cicimfss  in  .lr.t\Miii;  vrctnr  iliaj;t.ttris  ,  tii  t,wi  -.omt-  -.u^h  fjni^'ntmn   s  alHAv.  -iist-d.  i- 
rrRiird.ng  our  i-iiil  ol  thr  coil  as  ihe  tieginniiiK  {t)  ood  the  ulfaer  aj>  the  end  (t),  and  irealini;  ibfse  »f 
symtmh,  with        and signtScatkms. 


PaKALI  ei         TKAXSI-O.iMf.X  ■■ 


the  jxitnt-i  V.  V  ;mil      an<l  th«'  F.M.k.<!  civini;  rt-c  t-i  tin-  inrrcnt-  tn.iv 

Ix-  ,1^^1111111 1  i.i  Ih  in  till  1-      .(„,  /),  h„,  .111.1  ,,,„  .lib!  t"  1"  I '  -|  ■   !  i  \ '  1\ 

<ltTi\M|  (nun  llif  ilii.  tii.ili"ii~  "I  till'  ciiri.  iii>  m  \„  \,  r.„  i:,  n;  !  ■  „  ,  iii 
FiK.  <)67.  In  practiiv  tlii-  U'MiI'I  in  I's.-  I  '.:  .|7"  tli'-  \'  t.  i  lii^i.iiii  I  -i 
tht' rnrrt'nts,  at  unit  p<nv«-r  I.h  tor,  iii  tin-  ^t.ii-i  imir.  t<  .1  -t .  i.nii.iiH  ^  "i  .i 
tMnsfontit  r  with  a  l>alann>(l  Juad,  the  priin.irii  ^  nl  whiih  an-  im  »li 
intiiKifnl.  Willi  ilic  litii  currents  ami  »«>il  lutniits  nprr-iiiti.l  l>v  tin 
vt>i  tor-*  of  I  ij,'.  ^p■J. 

Thi'  |>ha««-s  of  tlu'  <  urrcnt>  prtM  iriiini,'  tr«  !ii  tin-  'iinmi.iK  \.  \  iiul  ; 
(I'ii:.  <)7<>).  as  <  oni|>arf.l  witii  tlif  i>!i.i-i  >  i.t  tli.-  -iii>|'l\  liii.  -  \,  v  aii.l  i 
ill  l  i^.  nft-.  arc  lioth  iiiti  rt  s'ini;  ami  iiiiiiMrt.iiit  l  ullnwim;  tin'  ii-ii,il 
rvi  lii  .il  riili-i.  thf  t  oil  in  tln'  nn^li  o|i|«i-.ifc  tl..  j  .  int  .it  h  ili'  lim- 
X  »  iitt  r>  till'  invA\  was  niarkcd  A,  aiul  tlif  plia-i  «  l  tin-  « iiri<  iit  m  ilii-  .  >il 
was  in  IaK«inf,'  (jnailratun-  with  thr  j>haM"  of  tlit-  i  iirrcnt  in  x  In  l  iR. 
(Id;  till'  I  'il  .1  I  ,iiiit  a  (  urri  nt  in  tli<-  iipp'i^itr  [ili.i^i'  to  tli.it  in  .  .'i!  ^  .,n.| 
tll'  Vifnrr  tin   .  lirrillt  m  tllr  line  \.  wlilili       lll  (lil.i^i'  Witll  tin-  I  nil'  ill  III 

coil  (I  1-  III  I,  I  nnu  ({uailraturc  witli  the  i  urn  nl  in  lim-  .\. 

I'iiriilliiiii\i  I  lansjiinin  rs.  Tli"  above  ^iv.- rist' to  vt-rv  important  ri  »ult» 
if  it  he  rctinircil  to  run  three- phase  tritn\foriner\  (or  hanks  tit  -iiil;1i  jiha-e 
tr.iii-foriiit  r^  i  nimi  i  tid  fni  tliiri -pliaM'  \voikiii-,i  in  ji.ii.illil  Nn  liiti- 
culty  ari^-s  with  \oltaj4f^  or  phaM's  on  halani  i  il  loaiU  il  tli<-  ti..ii-tiiiiiitri) 
arc  wound  for  the  sane  transformation  ratio,  provii|<-<l  tin  <  oiuui  tions 
of  tlir  \.irioii--  f r.iii'-iiirniiT^  (ni  l>.nik-i  iir  l  itlni  "  iiic-li  iiii^li  "  nr  "  -i.ir- 
star."  It.  liiiwt'Vfr,  sonic  o|  iln-  tr.m-lnMii' i  ^  {>>\  bank-)  .iii-  '  ni' -h- 
star  "  ur  "  star-nu-sh  "  i  onnci  inl.  tin  ii.  .i  i  '  ii  in  |-i-.,-.  uOj  an  !  tft^ 
(page  <)4J),  the  windinfis  will  have  to  he  .idjii^ted  to  ,i  diltereiit  volt.i^e 

ratio  of  transformation  if  the  volta>,'es  on  tl  nti^oiny  se<  oiuhirii  -  ,ire  to 

li.iM  till'  ^.iiue  Miitau;!'^  .!>  the  "  me~li-ine~li  'Il  '■  -t.ii  — !.ir  '  •  I'liiliiiia- 
tioii^.  Hut  e\'"i  then  it  will  not  he  po>>il)le  \<i  hum  li  .ill  the  \  -ei  oiidary 
terminals  to  form  the  outKoin;;  .v  line  of  the  paralleled  tran^foriiiers.  heiauhc 
the  ]ili.i  -  I  the  "  nie-h-- t.ir  "  einiiiei  ted  t r.in-|i ini n  \mII  imt  inrre- 
spi'l'.il  \Mlll  the  ph. 1^1-  111  tin  "  lile~li-llU -ll  .Hid  -t.ir  -t  ir"  lollIU  ited 
tr.iii-li  I  nil  I it  1-.  Ill  I  .lu-i'.  ,1  '  itti  i  ol  lahelliiij.;.  a-<  tn  uhii  h  -linuld 
Ik'  called  the  .v  lines  on  the  secondarv  si<le  ;  hut  whatever  iiietho.l  he  .tdoptt  d 
for  a  "  mesh-star  "  or  "  star-mesh  "  bank  ol  transformer^  there  t  .m  he 
no  line  in  jili..-'  with  the  v  liiu  of  a  "  inr-h-mr-h  "  nr  "  ^t.ir.-t.ir  "  !>  i;ik. 
The  phaM's  inii^t  he  wroiij;  hy  either  (,o  .  Jiu  \i)o  •  ijn  )  nr  \yi  (  (m 
+  24<>''>.  and  therefore  if  an  attempt  b«!  tnade  to  run  in  par.illel  h.iiik-  of 
transformers,  diiirrini;  so  iiiui  li  in  |'li.i-r.  tli'  ii-  must  In-  heavv  i  iii  ul.itiii;; 
currents  in  the  nn  l. tries  nt  the  tr.iii-tiiiiiii  rs.  \shiili.  ri  .niiiu  niihu  - 
tiveh'  oil  the  pniiKiries,  will  throw  the  whole  system  out  of  ^e.ir. 

It  is  obvious  that  even  when  the  connections  are  such  as  to  allow 
paralleling,  and  when  also  the  voltajjes  are  all  right,  care  must  be  taken. 
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a-  in  111"  <.!-(■  (if  |i,ii.ill.'liiu'  .iltriM.itor--  (■^rc  paijf  396).  that  the 
pli;i-<>  on  tlif  traii>l<)iiiRi-  to  he  paralleled  follow  one  another  in 
the  !«ame  and  not  in  tin-  <>p]V)site  rvoliral  order.  Methods  of  s\Tirhron- 
isins   liavf   ht-  n   alrci. I\-         i-il)c,l   vtTv   fullv  Cli.iptiT   III.)  for 

alternatiit^.  iiic  i.i-r  ol  triii-lorinrr-  i>  simpler,  a>  the  primaries 
are  all  <  umii  1  icil  to  the  --.ini'-  ^iip|il\  and  anv  t  li>iii:,'e  of  phase  in 
tJie  siipj)ly  line~  alter-  all  se(  ()ii<lary  i)hase>-  equally.  Tlie  subject  is 
afjain  referred  to  in  t,'r>Mter  detail  in  the  rliapter  on  sub->tations 
{■"<'•■        ■  I -15 

Phase  Changing".    He-ides  eliani,'in,i;  the  voita^'e  without  changing 
the  phase  it  is  possible  with  statie  transformers  to  change  simulcaneously 
the  voltage  and  the  phase.    Tlir  ( lii.  f  <  ,i-e-  wlii.  li  occur  in  practice  are  : — 
(i.)  T\vii-ji|i,i-e  to  tlin  !■  pli,i-e. 
(ii.)  Thrrc-pli.i-e  to  six-jilia-e. 
(iii.)  Single-phase  to  three-phase, 
(iv.)  Phase  advancers. 
I  ll  -  nirtho  1-  miployed  are,  as  a  rule,  reversible,  and  may  be  used  for  the 
contr.iry  (  haiiije. 

Twii-pitasi'  /,)  Tlirir-f>luisc\  Tlw  usual  method  of  making  this  change 
is  one  suggested  some  year-  ai^'o  hv  Mr.  ('  I'.  Srott,  of  thi'  \Ve-tinL;h"U-e 
Coiniiany.  Two  single-phase  tran-fonmis  have  their  primary  circuits 
-applied  with  two-piiase  currents,  that  is,  witii  voltages  differing  in  phase 
by  ()o  electrical  degrees;  in  other  words,  the  currents  in  these  circuits, 
on  balanced  loads  and  with  unit  power  factor,  are  in  quadrature,  and  the 
voltage-  ,iie  ii-uali\-  e(|u.il  r.-.  i.ooo  voU-  (KM  S.i  each.  So  far  .1-  the 
primaries  are  (diueined  tin-  circuits  ar.^  tiistiiict.  and  are  not  intercunnected 
in  any  way.  The  \<)ltages  of  the  secondaries,  however,  are  not  equal,  one 
being  .St)-;  per  cent,  ot  tiie  other.  These  -.'Coiid.irii'-  .are  coniir.ted  as 
shown  in  l  ij,'.  1)71,  in  wlii.  h  \  v  ,ind  Z  \v  are  the  ])nniarv  supplv  line-  feed- 
in«  the  (  Mil-  \„  .\|  and  ii„  n,  ic-iiectiveK  .  with  i.ooo-volt  current-.  The  coils 
have  been  set  diagrammatii  ally  at  right  anyl.  -  to  indicate  the  phase  differ- 
ence. The  secondaries  are  the  coils  if„ii,  and  al-o  set  at  right  angles, 
Imt  with  the  end  /-„  i..in(  .1  to  tlic  iiiiddle  ot  the  ( .lil  ,/„  ,it  the  point  ni. irked 
<7,  ;  the  line  tcimiii.ils  .iie  at  ,(„,  (»,  and  /<,.  connected  to  the  three-phase  hiad 
lines  .V.  \'  .111(1  ;  re-pe  tiselv.  The  voltage  of  the  coil  is  taken  to 
be  lou  volts,  in  whi<  h  ca-e  that  of  i<-  '.f  !>,•  S()  j  volt-.  The  direc- 
tion vectoriallv  of  the  I  .M.I  .-  in  the  coils  i-  indicated  l)\  the  arrows. 

I  he  1  (imhiiiation  will  i^ivc  three-phase  load  currents  in  the  lines  .v,  y 
and  c  at  a  line  voltage  of  luo  volts  per  phase.  The  vector  diagrams  show- 
ing how  this  result  is  attained  are  given  in  Fig.  >)J2,  in  which  the  coils  are 
111  irked  ,i>  in  I-'i:,'.  t)ji;  The  iili:i-(>-  (jf  (  urrents  and  voltages  .are  shown  by 
the  arrows  ,  in  d,  there  is  the  100  volts  of  the  secondary  of  the  lead- 
ing phase  A^  A,  :  in  ji,6,  the  half  coil  tfgdj  is  combined  with  the  secon- 
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daryftjfe,  of  the  laL;:,'iim  \A\A<f  n,,  civiii::  .i  v..itJi,'i-  wlm-i'  v..  ti.r  i-. 
represcr'  d  in  niaKnitucli'  .iiul  dirortioii  l>v  tlir  line  i/j/<,.  wlii'  li  i-  "U'-  ni 
the  sides  of  the  0(iuiInttr:d  trianfjle  <»o''i'«i'  'Ily,  for  the  third  phasf, 
tlif  <  nil  h„  i--  .  (iiiil)inr  1  with  the  coil  iij  i*,,  K'ving  a  voltap-  of  hm>  volts 
rej)re~(  iitcd  by  the  \ri  tiir  i/,. 

In  practice,  similar  transfiniui  .nc  u-cd  with  tluir  -i  c  ..iicl.nn j  in- 
vidcd  with  three  tappings,  namely  tiie  30  per  cent,  tap  in  the  iimUlle,  and 
two  other  tiipiiins;-' ^vnniii  tri>-.dlv  ili-'pi'-r<l.  that  i-^  it  hs,  per  i-cnt,  from  1  ,ich 
<ii(l.  and  tiiercfore  with  a  xnltat^i-  lutwiiii  tlum  nl  Si<j  pt  r  iriil.  tlu' 
(nil  voltage.  Thns  titiur  ol  liu'  tr.iii>liiimii-^  laii  \>v  u^cd  in  ntlu  i  the 
positions  of  Fig  071. 

I  t:r,\'  f'k.i'-t-  s;A.y«,/,,,v,-.  In  niiMlri  ii  wnikiii;,'  thi>  1 1  an-f"nii,it iii  is 
c\ilu-i\(l\'  iciiuin-il  III]  >ii|)pl\ iiii,'  iiirn  iit  tn  -i\  iih.isc  iut,u\  1  "lu  1  it- 1.-, 
^1  ♦«  " 


Kii:.  1171.    (_  .'iinecii  m-^.  I"  if .  (j7J.  — \    lor  Di.ijratn 

aiul  It  will  bi'  more  cdiu  1  nii  iit  lu  di  al  witli  in  (  unnriticm  with  th  (i.iiUi.l 
and  working  of  such  eoiivcrtris  i^,-,-  p.ij,'<  s  (),Sh  tn  i|<).;^. 

Sitti^lc-pluisc  to  Thrcc-pliasc.  This  tr.in--l(innation  eamiot  l>i'  nlii.iiih  d 
hv  the  nse  of  static  transfonners  only.  I  lit  iniiiin  s  th<'  ■I'-ist.ini  f  nf  ,m 
induction  innlnr.  It  iiiis'ht,  therefore,  \ui\f  hi  i-n  .1^  .iiii)ni])ri.iti  K  i|i^. mIh  d 
in  the  section  dealing  with  such  motors,  hut  it  is  inoie  convt  nicnt  to  t.ike 
it  here. 

riic  di.ii;i.uu  in  l-'ii;.  (17,;  siuiws  the  coiini  i  tinii^  l.ii  ,1  -ni^li  piia-i'  hicli- 
voltage  line  supplying  current  to  a  liiw-\i)ltaf;e  three  pli.i^e  ti.u  tinn  111. 'ii  r. 
The  method  is  not  new,  but  it  has  recently  been  apphi  v.  mi  ,in  <  imin.  <  rini» 
scale  nn  tile  ni.iiii  line  ut  the  Norfolk  and  Western  R.iiKv.iN'  in  \'iiL;ini,i, 
the  diagr.ini  being  t.iki  n  troni  an  article  uii  tiiis  railwav  in  tin-  /  /,  trie 
Raihiay  Journal.    1  he  voltagis  gi\en  ,iie  thii--e  used  in  tliis  in-t.uKe. 

The  voltage  on  the  primary  of  the  -ingle-phav  transform!  r  is  11.000 
volts,  and  the  windings  are  such  as  to  generate  750  volts  on  the  Mntle- 
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!''.'•"',          ''^'>,  "f     MiiK-k-phase  i.ulucti.m  motor  is 

)o,n,,l  „,,  tn  ,|„.  ,.,,,1       .I.own.     TlR.  motor  has  a  s.,uirn.I-ra,'..  rotor 
wlu,  I.      not  shuwn  on  tlu-  .Iia;,'ra.n.  an<l         i,  nin.  ,,uit,.  lit^iit  as  n  t'  ials 
m.-lMn„ai  l..a.I.    .\<  i.  off.  ,,  tl,.  .a-,  -n  >,..  !,  „„„.„..  tlKT.  arc  two  sets 
nuin,,.  Mat,,,  ,„  ,„,.,„  ..hrtrical  degn-i-s  apart.  One 

ui,.,„.,s  IS  conn.ri.  d  acro»  ilu-  cxtrim..  t.  miinal.  of  tl.r  t>a„.- 
>;t  s...  on.  arv.  whilst  th.-  nth.T  has  ono  temii„;,l  „.  a  n,i.l-wav  taooi.u- 
.a..  M.co„.l,nv,  an.l  th.  ...h.  r  ,„  ,„„.  „f  „,..  ,,„|,.  ,„  ,„..  „a.ti„„  nl.'.tor 
xm  other  tw„  |,„1..  ,.t  ul,„M.  .tatur  arc  coa.urt..l  to  thr  terminals  of  ti>e 

_    first-namt'd  winding.  These 
<  iiiinr,  ti(in>    xrure.    in  the 
1    lii>t  jilaie.  the  setting  up  of 


11,000  Volt.  Trolk~ 
11,000  Volts 


i?UJilWJbki!j,;WJj^   "}    '"st  |>lai-e.  the  setting  up  of 

'^^''ty^m:v^V'^^Jm  I    t'"'  rotating  field  and  split- 

-•750Voi's  .  ^  phase  startini:  of  tlie  >iiii'l,- 


Earth  piiase  inductidii  motor,  since 
the  two  paths  will  obviously 
have  different  i)o\\, ,  factors 
Then,  when  the  siiiMlc-jiha-e 
i"t"r  i>  fotatiiii,',  it-  (iinciits 
will  react  on  the  stator  of  the 
traction  motor.    The  action 
is  srmuAviiat  coniplicatccl,  f,.,- 
tlic   i;.M.i-.s  s.'.  up  l)\  tlie 
rotating  field  and  the 'rotor 
reactions  in  the  two  circuits 
of  the  stator  of  the  single- 
pli.i-i-  motor  are  in  quadra- 
ture, because  of  the  coils  of 
these  circuits  being  ()o"  apart. 
These     Voltages,  conil)ined 
with  the  v,>ltages  set  up  by 
♦       f  I  '^i  i  "ii(lai  \-  of  the  statir 

n  ,o,  an.l  of  the  tra.f  on  motor,  that  the  n.-t  result  pn-duces  the  re. mired 
ol.a.ges  at  the  termn.als  ,.f  ,1„.  I,„t,  r  witi,  ,l„.  re<|uired  pZ^ 

P  K.se  d.f,e,-enc..s  ,„  the  ..„„„,..  e.ted  th.-  eond.t.ons  o  "r  ice  a  c 
-'  h    ha,  ,1,..  „,,.,„  („„.....phase,  tnotor  has  usuallv  to  start  u.td.T  lo'd 

•   "*^'"w<l  in  the  section  .in  .l.vtnc  tia.tiuii 

"  "'11  Iv  not,,!  thai  ,h,  ,„,u,,l  tnmsf.,,, nation  ,.f  phase  is  due  to  ^U 
-  t.on  .„  the  sn.g,e,.has..  indu.„.,„  motor  which,  ^.^^^ 

Phase  and  Frequency  Changrlngr. -Besides  changing  the  voltai 
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ami  th"  ]>lia-c  nf  .iltci luit ini,'  cii'Kiit^,  it  i-  |Hi—ili|,  1)\  tlir  u-m'  nt  -t.iiii- 
tran^t.itnu  i>  only  to  ili.iiim  tin-  Ik  ciiu  ih  x  .iIml  I  Iu'  jii.utii'.il  ci^i  wlu  ic 
such  a  iluiiifiv  is  tk-sirablc  ,iii-i>  wlmi,  (or  ri-uM»ns  f;ivfn  I'lsfwhtTi'  in  this 
l«M)k,  a  li)w-fri'ijuiTicy  supply  lias  Ik  i-h  set  up  for  jkivvit  i  i.iii^mi^^inii  aiul 
utih-atinii  and  it  is  found  di'siraiilc  to  snjiplv.  in  addition,  a  hi^litin:;  load  lot 
will! ii.  a-  ai>o  shown  i  lsi  wlu  it  ,  a  low  tir(iucn<-v  i>  nu'^uitahlr.  ( >t  roui-.,.. 
it  i^  always  possibli-  to  obtain  tin-  hif;licr  Irctiuiiicy  by  intans  ol  roupltd 
plant  or  by  rotarit  s.  but  tfiis  involves  the  installation  of  niovinj:  machinery 
reqiniiiiL;  attt  iitioii  and  .i  ri  lali\i  l\-  IiIl;!!  l  apita!  lApcndumi  . 

Ml'   loliiiwinj^  nictiiod  lia^  l><  i  n  di  \ilopid  l>\  M.  MaiiiKi-  l>ly  (H)U), 
Sii^no;     Vallauri.  Sipior 
Si)in(lli    (loii),    and    Mr.  y 
A.  M.  Taylor  (10141,  from  /f"' 

will'-'     jiaper,    read    bcloic  j 

till  Institution  of  Idt  i  trical 
Eiii;iniers,  the  particulars 

fjiX'ell  lu  ll  pW  ai  c  take  11. 

'I'lif  i  ttict  obtainrd  di  - 
pend--  uix)n  the  pcruliai 
shajM'  of  the  niasnetisint; 
curnnt  curve,  shown  in 
I-ii,'.  Q30  to  be  necessarv 
to  gi\  I  a  sine  wave  of  tfux 
in  transformers  supplied 
with  .1  >inc  \\,i\c  of  \olt- 
ii^v.  l  liis  shapt'  depeiuls, 
us  there  shown,  larj^ely  on 

till  existence  of  li\>trn--i~ 
and  its  pmili.  ! ii  -  an-  (i. 
a  slower  than  tlicsiiir  w.i\( 
rise  at  about  the  point  c^,  (mi'  l-if,'-  050).  {ii  i  a  pronounceil  peak  at  (c„), 
and  (iii.)  a  very  rajud  fall  from  c,,  throii!,'li  c,  and  c.  to  zero.  The 
in.u'iiitndi'  ot  tlit-f  iKp.irtiiio  tr<an  tin-  siiu-  cur\f  dcprnds  upon  the 
deiiiie  of  saturation  to  which  the  imn  is  pushed.  By  pushing  it  con- 
siderably beyond  c„  on  the  b  B  B  curve  of  Fip.  050,  the  jxak  can 
1h  ni.idf  shar|)er  and  hii^du  r.  and  the  tl.ttti  ncd  part  of  the  li'-r  ni.Lile 
Hatter  and  dropped  inucli  t  Io-m  r  to  the  zero  line  as  mi  the  ciu\e  c  iu 
Fig.  974.  The  next  step  is  to  take  this  current  through  a  coil  on  a 
second  trai:sformiT  (Fig.  (^75),  so  designed  that  the  curient  does  not  lu^arly 
saturate  the  iron,  and  therefore,  since  the  hysteresis  Itivt  is  small,  the 
flux  wa\  e  following  tin  i.ite  ol  ( hange  of  tin  curn  nt  wa\e  will  generate 
in  a  secondary  coil  .1  wound  on  it,  a  current  wa\e  al^i  following  this 
rate  of  change  ck»sely.    The  current  wave  so  f>btaine(l  is  shown  at  d' 
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at  tlio  bottom  ol  l-iji;.  ()-4-    t>n  close  study  it  may  be  ivganlcd    ...v 

wave  with  ;i  v<t\-  .l.-ci).  flat-bottomed  dcjin-sion  a  at  thr  i)l.ic.-  wlini 
it  ^liduld  iKivr  ,,  to  it■^  iiiiixiiiuini.  hut  this  depression  docs  .  luss 
tlie  line,  sill,,,  tlie  eurve  from  c  to  C  above  is  iUways  lallinf,',  though 
th.'  f  ill  Is  V,  ry  iiiiR-li  rctardeti  at  its  mid-section.  Had  it  crossed  the  zero 
Hne  there  would  liave  Iv -n  a  triple  fn  (|H(  nr\  ,1111, nt,  sin.  ,'  th,.  ,  urve 
interval  between  the  vertical  lines  /  /'  w  liall  .1  period  ..t  the  oncmal 
in)i)n  ss,il  voltage. 

ilie  method  adopted  by  -Air.  T.u  lor  to  obtain  a  triple  frecjuencv  current 
based  upon  this  cur\-e  is  to  suiH  rpos,-  t!,.--e  such  currents,  i_n)  apart  in 
I)Jias,.,  d.  riv,  (1  from  a  tlin r-phase  supjilv.  Thi  arrangement  tinallv  adupt.'d 
IS  shown  in  J-ig.  970,  in  which  three  chokmg  coils  k  are  joined  in  mesh 

to  a  three-phase  supply,  and  in  each 
of  the  ini  slifs  is  included  cii- -ihir,! 
ol  the  ]>rimar\-  winding  of  a  trans- 
former r.    l  iie  choking  coils,  which, 
as  explained  elsewhere,  are  th  ■  -;mie 
as    transformers   but    without  .my 
SI  ,'ondar\-  windings,  ari>  worked  to 
liigii  inductances  so  as  to  receive  a 
current  wave  similar  to  that  shown 
in  I'ig.  974,    In  l  ach  phase  this  ,  ur- 
rrnt  passis  through  one-third  of  the 
winding  of  t,  which  works  at  a  very 
low  th  \-  drnsit\-.     The  sn-(,ii,lai  \-  ,^1 
T  is   conni,  t((l    to    the  glow-lamp 
load  I.. 
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rinet -i.ha;.t;  tu  sir,g!c.|)h,isc  will. 
Triple  Krequeiiiy. 


The  result  is  to  superpos,>  three 
such  cur\-es  as  appear  at  d  in  1-ig.  1,74, 
:md  an  .  xamiilc  of  ml  ii  superposing  is  sliowii  diagruinmaticallv  in  i  ii:'  0-7 
u  whicli  small  .iisturhing  factors  are  n.glectc d  to  avoid  complicating  the 
curves     ,  ,1,.  ,  .nv.  s  ,,t  th.-  current  in  I.  (Fig.  976),  which  would  be  due  to 
each  of  the  cods  </,  h  and  c,  are  shown  In'  the  cnr\(s  a  a  a  h  h  h  um\ 
ccc  respt'ctivcly,  in  which  a  large  amount  of  ov(rlai)i)ing  is  uiKu..idable. 
I  he  resultant  .  urw  is  ,  ,  .  ,  which  .<  the  current  through  the  lamp  load  L 
Ihis  curve  is  of  triple  frequency,  the  current  is  single-phase,  iind  its  ^,,ltage 
IS  determined  by  the  number  of  turns  on  the  coil  /.    The  gener.il  >  tfect 
of  the  whole  .-oinhination  is  therefore  to  change  the  voltage,  the  number 
of  phases  and  the  frefiii(  iic\-  of  the  supply  current. 

A  7  K.w.  set  was  built  on  the  above  lines,  and  when  tested  was  found 
to  have  an  over-all  efhciency  of  So  to  S8  i)er  c.  nt..  which  i.  ,,f  rn,„s,  l.nv 
iTom  the  data  obtained  with  this  s.  t  it  is  calculated  that  a  500-K  w  set 
would  have  an  efficiency  of  95  p.  r  cent.,  and  would  compete  with  a  set 


transloniii  is  ami  rut.ii  v 
oonvfrtfrs  v.-ith  which 
till'  liu'litiii!^'  li'ail  idulil 
!)<■  "-(ipplittl  witli  iiiii- 
tinuous  currents.  Tlie 
rcfjulation  i»f  tin-  ix- 
iwrinuntal  st-t  was 
Imiiul  to  .11). 1 

several  important  prac- 
tical developments  of 
the  iiictlind  ar<'  indi- 
lateil  ill  .Mi.  Taylor's 
pajjcr. 

X. — THE     TKSTINT.  OF 

ST.XTH    TK  WSroNMI  KS 

Tlie  testinf,'  of  trans- 
formers follows  the 
~aine  c;entra]  lines 
which  have  been  sit 
forth  in  connection 
with  the  test  ins,'  of 
.\.c.  generators  and 
motors,  but  is  sim- 
pler, inasmuch  as  all 
mechanical  tests  ren- 
dered necessary  hy  the 
machines  ha\ing  nio\-- 
inf?  parts  are  elimin- 
ated a-id  the  ti~ts  to 
be  maile  are  practi(  ally 
all  electrical  except 
thtise  which  are  con- 
cerned with  mechanical 
details  of  con>trni  U'ln, 
such  as  the  design  of 
the  terminals,  the  efh- 
<  icncy  of  clanipinL; 
bands,  the  lifting  and 
handling  arrangements, 
the  ()i'-ti.s.^ht  state  of 
the    transformer  case 
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a...l  arranK.-nivnts  f,.r  ..x.-hulini:  m..istuf,  th.  r,„l,.,t,..n  l.u  il.tu>  provi.k.l. 

Tl"  'lii.  f  f.M,  in  a.Uitinn  t..  tlu^  olanic  rrsistaiuv  an.l  the 

■  n-i,l,,t...n  ,,rr  il,..  .1,  t.  rminati.m  of  (i.)  the  etfiru-ncv.  nn.l  (ii.)  the  r,  t,'ul,.ti..n 

Resistance  and  Insulation.         ui„„i,.  ,vs;\/,,;;,    ,,„,  i„.  ,,,.,iiiv 

"'■;Tii;  ?■  ti-  .lih  ,.r..auti..„  „„.i 

.    .  ,.  ,,.,....,„.....  >,„,  ..  a  n>..  .,f       C.  i„  „.e  temperature.  .„ak.s  a  ,  .„.- 
>..Ic  ral,I..  .hiu.rena.  ,n  tlie  s,H-nfu-  resi.tan.  enf  copper  (,s.v  page  75(,  \-.,|  1  , 
In  test.„,  ^n.uL,U.n.  ,        .,,„„,,,  ,„.  preiisl/'.xpl    ,  i  ' 

.  -  .1,,  ^,.ltaKe.     I  „.   ,..ts  require.!   are  (i.)  primary   to  sen.n.iarv 
(".)  pnmary  to  earth.  a„.l  (,ii.)  seeo„,l,n  v  t,>  e,,nl,.    |„;,.,„i  „,   /  ,  ^  ; 
meaM.rment  the  usual  practice  is  to  put  ou  a  sulU.  icu.lv  hi^h  .^.  .  ■ 
for  a  .lehnUe  pcTunl  ami  examine  for  signs  of  breaking  .lown?   This  testing 

voltage  for  th(.  oidinarx 
not  e.\- 
iiir  times 
the  working  voltage,  e.\- 
Lo4d  cept  for  the  end  windings 
of  hi.^h-v.ilta.i;,.  lii  inial  u  >, 
w  hi.  h  may  I)e  suhjcc  ted 
to  violent  electrical  surg- 
ings   and   an.  tli,i,.|u|-i. 
more  Iitaxily  in>nl.iti.d. 
tli(.  i.iH(  i(.n(  \.  i-  tested 


A  4 


L windings  should 
ceed  thn  'c  or  foi 


nf  .1  Sinnle-phase  IrmJamxY. 

Ki.neratip|->  and  motor 


Efficiency.  As  with 

.=^'::!!:Jt:':^::u  .''''•^r'"'"''-      <-  -  ><  „,,ia, 

«'f  til,.  i,'..ncrator  1,  „l     ,„  "^"-^  /'o/',.  an  ammeter  a,  in  one 

-HHlnctive  r..i.iau  l  V    th^     J  ^''^''-^  ^' 

on  the  primarv  side    L,  .  i    H  f"''  " 

venientlJ  consist  l^^^^^^^  "-V 

1  ).  ^^unn  siintiRi       capable  of  convenient 


y  / ,  /  /  >  .s .'  /AC  ( '/  Sr.*  r/c  Tra  .\>  / 1'..  v/.  v  % 
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V. in, 'til ill  (i\vr  a  widi-  ranm-.  a  voltniftt  r  V;  rutiin'i  tcil  arrii»  s„\,.  and 
an  aimih  ti'i'  ,\._.  on  ont-  of  tin  'Utt^niiii;  li  ails.  Nd  w.ittiiu  ti  r  i-  --liiiwii  on 
tlii-  -iiii  ,  .1-  the  jMiWrr  1.11  tc.|  i-  iiiiit\.  .Mill  l!ii  l<  li.ii  til.'  I'li'.lii'l  Ml  \olts 
an.l  aiii|>i  ri>  will  K'^*'  l'"'  wall-,    ll  tlii'  lu.iil  he  iitiliutnc  a  watt- 

mt-ttT  nnist  bo  iir^ed  on  this  side  also.  A  comiiariM'ti  of  the  alwixr  product 
witli  th'-  rcidiii!,'^  I'f  w,  will  tlu  nciniii  il  riti.  h  w  \  li'r  v.u  li  Ic.i.l  n-. ,!, 
aitil  till-  ti-ult  >liiiuld  1)1'  plottiil  ni  .1  iiiivc  with  tin 
Till-  1 " 'Wi  r  factor 
on  tin  primary 
-idc  can  be  ascer- 
tain  li\    I  nlllpal  - 

inj,'  till  rcadiiiL; 
on  nvith  the 
prill lui  t  and  tin- 
rt-.idin;;-  dt  \-, 
and  A,  iiiliiced 
lo  V(ilt>  and  am- 
peres respect- 
ivel\-. 

I'or  cunveni 
ence  in  a  hibora- 
t(ii\  the  ( ircnits 
are  dttill  con- 
nirted  up  in  the 
reverse  order,  a 
\  <)\v  -  V  o  1 1  a  f;e 
f^'eiuratci  beinf,' 
used,  and  the 
transformer 
trr.itid  as  a 
">t(p-iip"  trans- 
former. In  that 
rase  a  non  -  in- 
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dnctivc  hisjli-voltajie  load  is  ( (iiivenicntlv' obt.iincd  b\-  joiniiifi  ui>  a  siiitn  icnt 
nunil  •  (if  i;I(iw  lamp^  in  Miics  -.nil  h.i\inu;  ^r\rr  il  luw^  of  lamps,  so  that 
the  111. id  can  be  varied  by  tliro.vinji  in  and  out  one  or  more  rows.  With 
either  method  of  workini;  it  i-i  essential  for  a  fair  test  that  the  voltages 
eliip'ii\  i  d  should  be  a|)pr(i\ii  lateK'  tin i-e  fm'  whiih  the  t iM n-h u  iiier  w,i> 
dislL;iied.       TlK^e  \(ilta,i;e>  >h<>ir.il  be  ni. li  ked  on  the  ideiitilli  .itKUl  pl.ite. 

Proper  precautions  must  always  be  taken  to  protect  the  e.vperiinenter 
from  the  danger  of  makiiif.'  direct  personal  contact     th  tiie  high-voltage 

circuit. 

Actual  Tests. — .\s  already  explained  in  the  section  on  the  theory  of  the 
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static  traiisfoini.  r  (p.it;.-  r,  ;;!.  tlir  si.uras  <.t  l(.>s  ui  tiu  rRvarc  (i.)  li\>tfreMs 
loss  m  th.  iron,  (ii.)  .(My  current  \m%  in  the  iron,  and  (iii.)  losses  dur  to 
the  t'hmic  resistance  o(  tlie  fopjHr. 

The  ctjrvrs  of  tlic^e  loss.s  puvti  in  l  ip.  070  .ire  for  two  WestiiiKhuusc 
tran.f,,,,,,,  ,s  .,f  „.  arlv  ,  output,  but  desiRne.l  for  different  periodicities 
H.e  ir.iuMurin.  r  to  wlucl.  tlic  fuU-hne  curvi-s  apply  is  a  transform,  r  with 
a  full-load  output  of  <,J5  kv  .\.  at  40  p,.riods.  whilst  the  dott.  ,1  <  urves 
are  for  a  transformer  with  a  lull  ...tput  ,.t  Av.a.  .u  p.r.o.U 
n.e  lu.Ms  are  plotted  for  i,,„i,  j  l„.ul  \n  i\  tun.s  full  lo.ul  The 

hvM. , ,      I, ..s  ,l,.p,.n(ls  on  til,  p,  ri, Ii<  ity  and  the  quantity,  and  the  magnetic 
properties,  ui  the  m.n.  and  is  uidepen.l.nt  of  loa.l ;  it  is  tl„  ,rf,,n  n.,!i,  tt,  .l 
(n-  a  honzont.il  line,  heinf?  fh<'  sam.'  at  all  lua.!-.    I  ,,r  the  (,  .5-Av  \  tr  ms 
f"nn,  ,  <(  N  w,.tt.  ,„    ,,,  .-  „,,„s  ,,..r  ,  ,,1,,  an,|  for  U.e  \%».kvl 

translornuT  it  is  j..s.,o  watl>  or  J3..  watts  per  cycle.    Jf  we  assuin,.  tli.it 

thetraiisioiniers 
are    made  of 
similar  iron 
worked  at  th** 

>.line    tlux  licti- 

sitic'-,  these 
I  figures  show 

I  nt. 
is 

used    for  the 
j  jiooi  lowe--  -  pi  riodic- 
ity  ransf(<rmcr 

with  the  hiKher-periodicitv  transformer,  n^twith^tan(ilng^'lK■' faa'''that 
.1-  ...,p„,  ,.f  „,..  la,t,.r  i>  ,K,.Hv  15  per  cent,  higher  than  that  of  the 
^.r  mr.    1 1„.  reason  tor  tins  has  iuen  .dready  explained,  but  the  actual 
tiRUK  s  AW  a  valuable  commentary  on  the  theory. 

The  ■■  opper  and  ..Klv  .  um  nt     1......        m',,,       increase  with  the 

load  ;   this  ,s  ,„cause  tlu,  .].,...„.,  the  s,uare  of  the  current,  and 

.  Is   upon  the  ohmic  resistance  of  the  copper  an.l  the  iron,  which  increases 

kt^e  hZ'T"'^,"'"-  ^*  """"^  transformer 
IS  the  larger,  it  will  cause  no  .urpr,>,.  ,„  „„,i  ,h^t  these  losses  are  greater 
at  al  ,.,,ds  m  tins  transformer  th.ui  in  tlu-  other.  For  relative  "  totj  " 
d.,H.nds  on  the  loads  being  smaller  at  low  loads  and  greater  at  high 
loads  in  the  55o-*y..A.  transformer.  ^ 

m-  influence  of  the  difference  i„  ,I,e  f„IM„ad  outputs  is  allowed  for 
by  examining  the  percentage  losses  for  which  the  curves  are  given  in  iS 
oSo.    The  influence  of  lowerea  periodicity  in  increasing  the  .ize  o  the 
transformer  .s  here  more  apparent,  and  should  be  exLined  close  y  in 
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detail  as  itvlicatint;  tlii>  lumriples  ((dlnweil  ii\  tli<'  di-^ign  of  mixltTU  tran«- 
formiTs.  Tlio  matiTi.iU  li.ivi'  hwn  so  ailjusti'il  that  (or  a  witlo  ratitji*  the 
loss  is  less  than  i  p' i  cent,  in  rai  h  (.i^r,  .md  tlirn  i"!"-  tlu-  pfin  iit.ii;r 
efficiency,  as  shown  by  the  riRlit-haml  sralf,  is  ovir  <)H  per  cent.  Ihf 
largo  transformer  is  fractionally  less  etfirient  ftir  these  loads.  Injt  the  curves 
cro-s  ,1'  ,',l)i)ut  tlu'  cent,  i  tliricin  \'  ]).iiiit,  .iiiil  Un  viTV  high  .ind 

very  low  loa<ls  th  ■  lar^'i  r  trauslormi  r  is  tlu'  moi«'  i  tlu  ii  tit. 

One  other  interestini;  point  should  hi-  notid— namely,  the  ma^nituch' 
of  til  •  total  loss.  s  (I  li;.  070).  Tor  full  loads  tlu  y  are  i(>  >  ami  0  -5  k'lo- 
w.itt^  n/spcctivily,  ^I'liiUt  fur  50  per  iciit.  overloads  they  arc  18  ami  I4't' 
kilowatts.  Thr^f  tii;urcs  show  i  iniih.itu  ,ill\  thi'  l.ir;,'!-  quantities  of  heat 
which  must  be  carried  away  it  the  transformers  are  to  l>c  kept  cool.  As 
helping  one  to  realise  what  is  involved,  it  may  he  remarkefl  that  18  kilo- 
watts IS  the  output  111  .i    .'  J-I'.ll.i".   ^te.im  rnirilli  .  wllich  W  ^lld    In-  m.iir 

than  sullu  ient  for  the  power  requin  ineiits  <tl  m.iiiy  sm.ill  uidustrial  woik>. 

Sin(;li'-phase  uith  Inductive  l.oiui.  -If  the  loail  be  mdiu  ti\o  a  watt- 
meter must  be  ccmnected  on  the  "  loatl  "  side  as  well  as  on  the  generator 
side,  since  a  voltmeter  and  an  ammeter  will  not  measure  the  power  re- 
ceived from  till'  transformer.  .\  conveiiu  nt  indin  tix  e  load  <  .111  be  pro- 
vided by  an  induction  motor  with  or  without  chokuii;  coiU  m  the  cireuit. 

Polvphase  Transformers. — The  metho<ls  of  testing  efficiency  are  the 
same  tor  sint,'le  pha-^e  with  the  import, I'lt  ninditication  that  piilvph.i-~i- 
power  li.i'^  to  lie  measured  for  botli  the  "  input  "  and  the  "  output."  Ihe 
principles  and  methods  of  measuring  jiiiIn  jih.i-e  power  are  fully  dealt 
with  elsewhere  (sec  pages  805  et  scq..  Vol.  I.,  and  infnt  in  Vol.  11.). 
The\-  probably  find  their  .  implest  application  in  t  .  ■  testing  i>f 
]inl\p!i,i-i  ti.uisforme  considerations  of  space  pri'clude  a  rein-tition 
ol  lliem  here. 

RegfUlatlon.— Xe.xt  to  efficiency,    the  regulation  of  the  transformer 

is  a  iii.itter  for  c, ireful  e.xainiiiatiMti  .aid  testiiit;  A  traiisforiiier  with 
good  ri-ijul.ition  will,  when  Mipplied  witli  (iin--taut  \iilt,ii,'e  .it  tlie  ]innKiry 
ternun.iU.  maintain  practically  the  s.iiue  \iilt.me  .it  tiie  seiondary  temiiiials 
under  all  conditions  of  load.  If  the  regulation  be  not  goo<l  the  \  ;)ltage  will 
varv,  and  the  determination  of  this  variatifm  under  lo.uls  of  different  magni- 
tud''  .uid  jiiiwer  factor  constitute:^  the  exaiiiiuatiuii  ol  the  \  .Liuilinu. 

.\t  lirst  sight  it  would  scent  an  easy  matter  to  make  such  tists  pro- 
vided suitable  loads  are  available.  .Ml  that  is  necessary  is  to  keep  the 
primary  voltage  constant,  load  the  ieeoiidarv  witii  the  dillereiit  ln.id^, 
and  read  the  voltages  at  the  seci  iuiary  ternunals.  Ihe  dilticulty  is  that 
in  practice,  with  good  modern  transformers,  the  voltage  drop  is  small, 
and  therefore  small  differences  in  readings  or  small  instrumental  errors 
produce  a  large  percentage  in  the  determination  of  the  "  voltage  drop." 
It  has  been  explained  more  than  once  that  the  losses  assumed  in  drawing 
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til.-  <li.it;r.ims  m  !  il:s  o4'»  t..  055  w.  r.-  .  xass.v,-.  ,n  onlvr  that  tlu-  iniiu- 
rn<  ,.f  th.  s,.  s  nnnl.t  sliown.  The  "  v..ItaKi'  drop  "  ,hrmn  <m  th.sc 
diagrams  is  tlurdon-  much  larger  than  >>\>t.au-^  in  pr.Ktin 

Sinco  it  IS  thus  iliffirult  to  obtain  an   i, ,  nr.ii.    in.  as.ir,  ,„,  ,it  ,,(  the 
'In.p  liv  ,lii  ,t   riirtlMMls.  Hviin.t  ni.tho.l,         .nipl,,v,,l,  an.l  of  fhrne 
Ihf  rhi.f.  if  not  tlu-  only  ..n.'.  which  is  wi.Ulv  us.<l  c<.nsi-ts  m  ,^  th. 
accurate  .ktemiination  of  the  no-load  l.»89tH..  and  (ii.)  the  v|„,rt  <  iieuit 
test.     JIh  theory  of  these  two  twt»  has  already  bcc-n  iriven  tser  iwcev 

<).{I    to   ()]()).  '  '  I     (4  ■ 

.\n-l,n,d  /fv/.    l  or  tins  UM  the  tiansfomipr  and  instniment*  are  con- 
nected up  as  already  shown  in  Fig.  978  ;  but  the  siTon.lar\ ,  ..r  In  i,|  ,  ir,  int 
N  ojK-n.  and  therefore  the  ammeter  a,  carries  no  .  nir.nt  and  w  Miper- 
fluous.    'I  he  test  .  ..nsists  in  takint;  r,  adin^s  ul  a,,  v,.  w„  and  v  ,  tli..  read- 
mti  on  V,  btint;  l-ioufjht  near  to  the  standard  voltage  h.r  \,.iich"the  trans- 
former »  designed.    The  voltmeter  v,  will  give  k„  the  full  1  „  ,    ..f  "the 
secon<lary  circuit,  and  th.-  voItin.  t.T  v,  will  guv  v.  ,  v  n,  .i,lv  1  ,  th,  hack 
E.M.K  of  the  j.rimarv.    If  th..  ratio  k  ,.f  th.-  win.hngs  is  n.,t  kn..wn  il 
in.iv  he  v.  rv  appro.xiin,it.-ly  calculat.-.l  from  th>-  ratio  of  v,  to  v.  The 
Lurivut  11.  .\,  is  the  no-load  current      of  the  last  section,  an-l  Oiv  u  idin.' 
If  of  the  wattmeter  W,  gives  the  no-load  losses     Ke:idi„^,s  sli„„|,l  ..1.,,  i,e 
taken  al>"\.'  and  h.l.iw  the  st.mdanl  valu.-  .  f  \  , 

The  pia.  tical  dUticulties  arise  from  the  small  values  of  the  rc  din-'s 
<'f  A,  anr!  \v„  which,  with  onlinarv  instruments,  are  .-ipt  tn  b.-  inacc'iraie 
as  the  instrumcnt.s  will  be  w..rking  1  .w  down  ..n  tlu  n  s.  al.  s  ,  ,|  ,,,n'rse' 
spc-cial  instninients  might  be  used,  but  it  is  more  cnvement  t..  have- 
instnini.nts  capable  of  giving  the  higher  readings  required  in  the  short- 
eiiciiit  test. 

'  'n,-  precaution  which  sugg.  sts  itself,  but  whi.  l..  how.  N  ,  r   inc  r,-  ises 
the  above  .hfhculties.  is  f,,,„nii,rt  tli.-  v,.hnut.i  v,        th.'  1,  side  of  A 
and  w,.  instea.l  of  on  the  1  si.i,.,  as  in  Fig.  q7.s.  in  ..rder  that  the  current 
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through    V,   shall    not  flow 

thrnii-h  A,  ,in-l  w,,  ,ind  thus 
vitiate  tile  low  r.  .idi;igv.  which 
it  might  appreciably  affect  if  a 
hot-wire  xoltmeter  w.  re  used. 

The  (htticulty  .>t  the  very 
low  v.iltm.  tcr  reading  is  partly 
»)Verconie  by  an  ingenious 
suggestion  of  Dr.  Drxsdale. 
howH    in    I-ig.    ,,Si,  which 


shov.'s  the  n.Hlo.ad  tc«.t  .arran.vd  with  two  n  "^^  "ImcI 

nu.f.T     ,.         .     ■       •"'^•""^"1  With  two  pressure  circuits  for  tiie  watt 

aid.h.        "  """'"-'active  re.istanc»  ■  of  Fig 

and  the  otl .  r  replacing  this  resistance  by  a  condenser  c      ^city  c  The 


Thk  SiioKT-ciRCvir  Th.<r 


95'; 


rrsistancc  antl  (niiclin-tr  ^.tiuiilil  )'>■  ailjn^ii  l  tli.it  'In  v.m  ■  itirr»  i 
^la^-it's  tliri)Uj.;li  tli.-  w.ittnii  ti  i   loil   wliiilnA.  r   hi-  iii  «ii<  iiit.      Itii-  i< 

Hi* 


.ipi.r. 


i\imati  1\'  tlic  <  .i^i;  wlu  ti  t 


pa 


It  iii'W  rcidiiii;-' 


.iiiil  I, 


lie  tak<  n  witli  r  in  circuit,  unci  similar  ri  uilinK-i  j.  \ ,,  ;in<l  I,,  with  ■  in 
rirniit,  tlx  ii.  assuming  that  v,  ami  I, an'  thi-  same  for  Iwth  sots  of  rta(linL;>. 
wo  know  that  .  ,^      ^.^  ,  ^  ,,,,,  ^ 

V,  !„  MM  9 

but  since y»  thi-  aiifjleof  lag  is  m-a-h  <»<>  wi-  know  that  ,  wili  Ik-  iim.  li  I.iil;.  r 
than  M',  anil  its  value  niort"  n  lial)lc.  Thf  '  Uin  iit  mii  w  thf  m.^;- 
netisiuK  curn-nt  I.  of  1m>;s.  041)  ami  05-.  ^aliu-  is  th«  ri-forc  fornud 

directly  from 


t. 


V, 


and  tlie  anyle  of  l.ij;  «.  can  be  (Ictinnineil  fmin 

hm  *  = 

but  tills  latter  n  <!iiin  s  i,,  tf  bo  fairly  accurately  known.    With  v,,  I,,  and  ^ 

known,  ,1  iluik  i>  olitaiufl  on  tlic  low  reading  v,  of  the  actual  jxtwer 
as  given  by  the  w.ittiiKirr  if.ulinfi. 

The  reading  u  ,  ^ives  the  core  ln-s,  that  is  thi'  hv-trn  -w  and  <  idv- 
( iirnnt  lo'-x  s.  Tlie  resistance  Kq  of  the  <(imv.ilt  iit  inductionless  shunt 
toil  which  would  represent  this  loss  is  fjiven  bv 


G 


Similarly  the  value  of  the  e<iuivalent  resistance-Ies.i  inductance,  is  given  by 

^       u  , 

Short-circuit  Test.—Thv  theorv  of  this  test  has  l)een  given  at  pane 
0)9.  Tlu'  (imnntiiins  <A  n  t r.uisformer  antl  instnimcnts  arc  shown 
in   I'ig.  In    addition,  sonic 

means,  either  by  variable  choking 
coils  or  resistanct  s,  arc  rcipiired  for 
controlling  and  adjii'^ting  'he  volt- 
age V,.  The  t<st  coii-istN  in  raw- 
ing the  voltage  v„  which  will  be 
k^ss  than  the  standard  voltage  for 
the  transfirniirr.  inuil  uupnts 
approximating  to  and  cxitcdnig 
the  fiiU-load  ciirrciit  of  t\if  second- 
ary circuit  are  shown  by  the  ammeter  A.^.  Readings  are  taken  ^unultaiic- 
ou.^lv  on  all  the  instruments  for  various  values  of  v,,  and  the  etiuivalent 
resistance  and  reactance  calculated.   Some  experimenters  prefer  not  to 
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introduce  the  losistanco  of  tlie  ainmctcr  into  the  secondary  circuit,  but  to 
put  a  heavy  co])per  "  short  "  across  the  termin;Us.  In  this  case  the 
pntn  irv  cunent  properly  interpreted  (see  page  933,  jooimU)  is  used  to 
in(hcato  wlien  the  transformer  is  fully  loaded.  A  reference  to  Fig.  952 
will  show  that  this  is  possible. 

ri'e  wIioIl-  uf  the  nu  aMir.  d  V(.ltai,'e  v,  is  the  "  voltage  dmp  "  fur  the 
various  load  Currents,  and  the  eciuivakiit  reactance  is,  as  already  shown, 
given  by 

UqukaUni  rcacUncc     p  l  =  ^ 
the  angle  of  lag  ^  being  given  by  the  equation 

Cos  ^  —  ^  . 

AiDthor  method  of  calculating  the  equivalent  reactance  is  to  use  the 

diuation 

'1- 

rhe  e(puvalent  resistaiue  is  uhtained  from  the  equation 

where  w  is  the  power  shown       tlie  wattmeter  reading 

Regulation  Ckws.  -Assumiiiir  the  iron  losses  tube  constant  and  the 
equivalent  reactances  and  resistances  to  be  as  above,  it  is  now  possible 
bv  ai)plyin,(,'  the  principles  set  forth  in  the  last  section  to  plot  curves  show- 
iiii,'  tlie  r.  ^'ulatiuii  ..f  tlie  tran-lornier  for  .ill  li).i<ls  at  various  p  i\ver  factors 
from  unity  tiownwards.  .Some  of  the  values  so  obtained  should  be  checked 
by  direc  t  ex[)eriment. 

The  results  of  Mich  experiments  are  '-Iiouii  in  l  i<,'s.  qS.;  and  ().S4,  for 
th-  two  transfomu  is  for  which  the  efticieii.  y  curves  and  details  of  losses 
hav,'  been  '^iwn  in  l  i;,'-.  1)7(1  and  r,8o.  1„  Fig.  983  the  percentage  regula- 
tion .It  ditleieiit  power  l.ictors  is  plotted  against  the  load  from  ]  to  50 
per  cent,  overload.  .\s  before,  the  dotted  curves  are  for  tlie  laig.r  (550 
A'V,.\.)  transform.'r  at  the  lower  |),  rio(licit v  (-'3  ~),  aii<l  the  full-line  curves 
for  the  smaller  /h-.A.i  tr.iustormer  at  the  higher  periodicity  (40  '>^). 
Within  the  r.mges  of  load  mentioned  the  dotted  curves  are  straight  lines, 
and  the  deterioration  of  the  regulation  under  the  intlucnce  of  the  hnvereil 
piwer  f.irtor  is  very  marked  in  both  sets  of  curves.  The  full-line  curves 
appe.ir  to  1.,  made  up  o|  two  .ti.Ui,'lit  lin.s.  the  f.dling  off  of  the  regul.ition 
be  ing  much  more  rapid  with  increase  of  load  in  the  case  of  overloads  than 
for  loa.ls  within  normal  limit.  The  writer  has  not  sutficient  knowledge  of 
the  details  of  the  two  tiaii-formeix  to  exjilain  this. 

The  actii.d  \-.due>  ol  the  regulation  shoulil  be  carefully  noted,  and 
especially  that  for  full  load  at  unity  power-factor,  the  regulation  is  within 
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a  little  over  i  per  cent,  for  the  larger  tran^foriiicr  ,iinl  as 
cent,  (or  tlie  ^-nialli  r  tiMii-fi'mii  r. 

The  intiuence  of  the  powir  factor  at  full  load  and  for 
range  is  shown  more 
cle.uiy  in  Fit,'-  <*''^4.  in 
wliicli  the  jHTCentage  reg- 
ulation is  plotted  against 
the  power  factor  from 
unity  power  factor  down 

tf>    oj.      It    sluMild  1)0 
noted  that  the  influence 
of  the  fall  of  the  power 
fact«)r  on  the  regulation 
is    at    first    great,  the 
change     in  regulation 
being  from  about  i  per 
cent,  to  about  3  per  cent,  g,^'** 
brtwccn  jxnvcr  factors  i  ^ 
and  07  ;  for  lower  power  g  ^ 
factors  the  change  is  not 
^1  rious.  Below  07  power 
factor  the  curves  are  quite  1., 
flat,   but    the  smaller 
transformer  is  the  more 
affected.  o 


low  a<  o 
a  much 


7  P«^r 
wider 


load 

Kig.  981 — RcKulalion  al  Different  Power  fact  )r»  uid  Lo.nN. 


XI. — tr.\xsf(irmi:ks  for 

SPECIAL  PURPOSES 

The  tran<fnrmtTs  de- 
Acrihcd  in  the  preceding 
pages  arc  what  may  be  conveniently,  descrilnd  as  power  transformers 

ilr-imud  for  till'  tians- 
loiiii.uioii  oi  i,ii,i,'iT  or 
-mailer  annnuns  of 
power  under  the  con- 
ditions most  generally 
1>ii  \-,u1iiil;  at  the  pre- 
-ent  time.  The  de- 
scriptions given  have 
not  i  xluiu-ted  all  the 
variitif-  of  large 
To  power  transformers  in 
common  use,  and,  as 
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op|)i.ituiiit\  iM  I  ur-.  It  i-i>r..i>u,t..lt('n  tiiiii  to  tlu  snbjtrt  in  connection  with 
spicial  appliiatiun-.  i  ln'  i)rincipli'  of  the  s^tatic  transformer,  liow.v.  r,  i>  -o 
flexible  and  adiptalile  that  it  is  apphe<l  to  an  ahnost  infinite  variety  of 
puipoM-^  111  the  !.!.irti(  ,il  apph(  .ith'tH  ot  .■ItctriLity  to  the  service  of  man. 
'I  hi  -e  a|)j)li(  ati<Mi^,  f^p.ciallv  tlmsf  in  t.  l.i;rai)hy  and  telephony,  are  referred 
to  under  their  sjMcial  headings,  hut  there  are  one  or  two  outstanding 


Ii  I'.  K.  Sliel;  Tian, former  in  its  Tank. 


apjilications  in  iieavy  electrical  work  whicli  in.a-  he  dealt  witli  ,  nuiv 
also  the  modifications  nere.^sar\-  in  doi-iimt,-  \.  r\-  lii,t;h-\ nlta,i,'e  trans- 
formers, wh.  th.T  r.  quin  ,!  t,,,  a.  tu.il  power  transformation  in  a  power 
transnnssioii  sclieim-  or  simply  i,,r  testinfj  purposes. 

Keference  is  therefore  briefly  made  in  this  section  to  the  following  types:— 
(i.j  Hi,!,'li-v<.lta:,'e  tninsformers  for  testing  or  for  iK>wer  trans- 
ini— ion. 

(ii  '  In-tiiim.  nt  t ran- formers  for  high-voltage  working, 
(iii.)  Con-tiint-curreni  transformers, 
(iv.)  Auto-tran-for!'.).  rs. 


Large  High-voltagf  r/!.4Xs/vK.VE/!s 


Higfh-voltage  Transformers.  Wlitu  the  M.it.iiz.  on  th.-  lugh- 
voltai,'.'  KiiK  of  ;i  traii-formf r  oxcfcds,  -ay,  70  kilovolt<,  construction 
diltii  nltit's  of  a  new  order  intt-rvenf  siniil.ir  to  tlii».'  wlii.  Ii  ar.  tii.  t  with  in 
tJicccpiipnu  nt  of  transmission  anrl  othi  r  .iiip.ii.itii-  at  tin  s,.  volt.iijrs.  Sm  li 
tr.in-^liiiniri-  .uf  i  iin-tin(  tnl  tor  t  wo  di-tinit  piiii— :  (i.i  As  stf])-ui>  and 
sti'p-down  transtornit  r-.  on  oliayi'  traiisnii->ion  s(  licrnes  ;  and  (ii.)  as 

step-up  tfstinp  transformers  to  obtain  liiirh  voltau'.'s  for  tt  stinc  pnipo-os. 

A-  an  rxainple  of  tli.'  titst  .  la-.  .i^s  i;iv.  .  ,ni  .  xtrrri.il  view  and 

Fit;.  I)     a  view  with  tlif  oil  tank  n  in.  vrd  ot  a  tr.in-.|orni(  r  Luilt  in  luio 


bv  the  General  Electric  Conipanv  for  the  Shawiiiin  in  Power  Co.  of  Canada, 
and  which  at  that  time  was  the  largest  transformer  built.  It  is  a  1 4,noo-/.v.  A. 
transformer,  designed  to  take  100  kilovolts  on  its  high-voltai,'!'  ti  i  ininaN. 

Tlir  transformer  is  thicr  plia-c  of  the  shell  t\  pi-,  and  in  it-,  .  .is 
shown  in  Fig.  985.  the  ovt  r  all  dimensions  are  i.j  ft.  long,  It.  wide, 
and  18  ft.  high  to  the  top  of  the  high-voltage  termiiials.  The  volume  of  oil 
usod  to  charge  the  tni.i-fornvr  i~  11,000  sail. .ns,  and  the  tot.il  W(  i:,'lit  ol  th(< 

complete  tnin-fornv  i-  is  48.1.  1|,.,  ,„  21^  u>u>.    More  rei<  ntl\  the  >.ime 

cotnp.my  has  built  a  5o,ooo-Av..\.  three-phase  2  to  i  auto-tran-former. 

A  Usting  transformer  designed  to  supply  a  testing  voltage  of  500,000 
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volts,  ami  i.ip.ililf  of  attiiining  a  prc^surf  of  (mo.doo  volts,  has  been  bu;lt 
by  the  Oerlikon  Company,  of  Oerhkon.  Switzerland.  An  »  xtcrnal  view  of  it 
is  given  in  Fig.  087.  Thongh  intended  for  testing  purposes  only,  the 
continumi-  ratnl  hvui  is  500  Av.A.,  and  it  can  carry  a  momentary  load 
of  j,ouo  Av.A.  Unt'  of  the  dilticulties  of  building  a  sm;Ul  capacity  trans- 
former for  these  high  pressures  arises  from  the  great  number  of  turns 
required  on,  and  the  very  small  current  that  woTild  flow  in,  the  liigli-vultage 

cirriiit  at  full  load.  Thus  if  the 
capacity  were  only  5  Av.A.  the  cur- 
rent at  full  load  for  a  pn^surc  of 
500  *v.  would  only  be  10  milli- 
.ini])(  rt  ■-,  .mil  a  conductor  calculated 
at  the  current  densities  used  in 
ordinar\'  tratisformer  design  would 
be  much  too  small  to  be  practicable. 
I  lie  in>ulation  would  be  costly  and 
the  space  factor  very  low.  Even  in 
the  transformer  shown  in  Fig.  987 
the  full-load  current  is  only  i 
ampere  at  500  A'v.  Another  factor 
which  increases  the  over-aU  size  of 
the  transformer,  even  for  the  rated 
capacity,  is  the  space  that  has  to 
be  provided  to  secure  effective  in- 
sulation. 

The  Oerhkon  transformer  of  Fig. 
987  stands  nearly  19  feet  high  to 
the  tcjp  of  the  terminals ;  the  oil 
tank  is  II  feet  9  inches  high  and 
10  feet  9  inches  in  diameter.  The 
tr,in>fornii  r  itself  weighs  10  t^ns 
.ind  the  oil  tank  5  tons  when 
empty,  and  24  tons  when  fille.l 
with  oil.  Tiius  tiie  total  weight  of 
the  transformer  ready  for  working  is  about  ,',4  tons.  The  low  voltage 
circuit,  which  in  tlii-  ci'-e  is  the  primary  circuit,  is  designed  to  carry 
1,000  anipens  at  500  volts.  The  voltage  is  controlled  by  an  induction 
regulator  (sec  pagi  1298)  in  the  primary  circuit  constructed  to  give  a  con- 
tinuous variation  of  the  secondary  voltaj^'e  from  o  to  500,000.  At  full 
primary  voltage  tiie  ra'-  i   if  transformation  A-  is  therefore  i  to  1,000. 

The  top  of  the  transformer  is  shown  on  a  larger  scale  in  Fig.  988,  in 
which  can  be  seen  more  cleariy  the  det.iils  of  tiie  liieh-volt.ice  terminals 
TT.    The  insulation  appears  to  consist  o!  succe-^ue  tubes  of  insulating 


Fii!,  987.-01!  Tank  of  Oerlikon  sco.cco-voii  Tesiing 
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material.  Tin-  ^lnllU'l■  third  terminal  t  is  l  oimi'i  ti'd  t«>  tlir  mul-ii'-iiit  of 
the  secondary  wiiidiiifj,  ami  is  usually  earthed  ;  l)ut  for  >i>i  «  ial  tests  it 
can  he  insulated.  The  low-voltage  terminals  are  shown  at  the  top  of 
Fig.  <tf<5.  imnv  (li,itt  l\  hdnw  tl'.e  rl.impini;  rin^; 

The  trau>lurmer  itj^elf.  without  the  oil  tank,  -liown  in  l  iij.  <)S(), 
which  is  reproduce<l  from  a  photograph  kindly  supplied  by  the  Oerlikon 
Com]>aii\ .  S(  \  i  ral  interesting  detail.*  can  be  clearly  made  cut.  The  mmt 
inter<>tuii,'  are  perliap- 

the   subdivision,    and  .  ^ 

the  arrangement,  ot 
tlie  secondary  or  high- 
voltage  windini,'  aiul 
the  high-voltage  in- 
sulating arrangements 
generally.  Tli''  hif;li- 
voltage  winding  would 
appear  to  be  built  up 
of  a  series  of  flat  coils 
with  slabs  of  in.sulat- 
ing  material  lu'tweeii. 
There  are  such  coils 
on  each  limb,  or  124 
r<iils  ill  all,  wliiiii,  when 
working  at  5o(j,()oo 
Volts,  gives  about  4,000 
volts  per  coil.  Starting 
from  the  terminal, 
which  is  joined  to  the 
centr.il  coil  on  each 
limb,  the  coils  are  con- 
neeted  in  successive 
pa'.s  al"i\'c  and  Ih'Iow 
till'  nirdian  plane  by 
carefully  insulated  ver- 
tical conductors  well  remwed  from  the  windings.  The  whf>l<'  of  these  ron- 
(hictm-  cii  the  riglit-haiid  linil>.  and  sdine  of  those  on  the  Iri;,  c.ui  !■■  -1  m 
in  the  ligure.  Thus  the  maximum  stress  between  the  coiN  on  the  two  sides 
of  each  insulating  slab  will  be  about  8,000  volts  (r.m.s.)  insteid  of  4,000 
volt-,  which  w.'uld  be  til.-  iii.iximimi  stress  if  the  coils  were  c luiirrteil 
each  to  the  neighbouring  Ciil  in  simple  series;  but  the  method  .el-jittd 
has  the  advantage  that  the  maximum  p'.itciui.il  stress  is  brought  to  tiie 
middle  of  the  limb,  and  is,  therefore,  removt  d  to  tlie  greatest  possible  dis 
tance  from  the  exposed  metal  work  at  the  top  and  bo*  on  of  the  transformer. 


Fia.  ly^S,  -  r<ip  of  (.Hrlikon  Hii{h*volUXe  "I"ran».fari«er. 
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gap  coniu'cttil  to  til.-  ■ 
of  voltage  u-til  witli 
A 

,.  ,-14 

774 
„  1,050 

.,  i.,5-'o 

„  L.-jSo 


I'll''  in.iiii  ttnniii.ils  n -t  upon 
ciirrnf,',iti(i  |).  prc.l.iiii  insulators  about 
2o  inclus  long,  and  are  also  sup- 
IH>rte(t  l-y  in-iiilatinR  niat.  ri.il  fn:in 
Hif  fr;mii\V(.rk  ,it  tlic  top.  TIr. 
-Ill, ill,  r  mid-trrmin.il  iil-nw,.]!  but 
II' >t  >u  lic.t\ij-  -  in>ulatfa.  and  is  elec- 
tricall;.  connt'ctrd  to  the  cross-owr 
lictwn  n  till'  two  liniiis. 

Sonic        ot  till'  cross-section  of 
till'  iii,it;n<  tic  circuit  can  be  obtained 
fn-m  tiio  bottom   ■  ..kr.  which  is 
di  ariv  visible,    t  li.mncl  iron  is  freolv 
11-1  il.  top  ,111.1  bottom,  to  strengthen 
tlie  tr.iiis|,,nner  and  to  r;irry  tin- 
various    necessurv   supjxuts.  All 
N'Ttic.il  nict.Llli,-  ro,!.,  iiu-iui;  irnni 
to])  to  bottom  outside  the  windin.trs 
arc   |,,r  obvious  reasons  carefuHv 
■  o\ del  with  iii^iihitini;  material,  and 
a  vcrii,  al  iiisulaiinn'  -hield  is  in- 
t(  ti)oM  rj  between  thetwolimbs. 

The  vimplest  way  of  nieasur- 
iuR-  the  hii,'h  xdltatrcs  is  hv 
nic.ui-  of  ,1  \,iltmctcr  in  the 
primal  \  I  inuit,  the  volt, ii,'c  ri'.id 
beint;  multiplied  bv  an  .ippio- 
;iiiatc  c"n-.t,mt.  Thi.  method 
is,  however,  indirect  and  un- 
satisfactory. In  the  Oerlikon 
transformer  the  iiu  asiinnicnt 
is  made  by  an  adjii>t,il)le  spark 
■  -howii  in  1-1-.  (),s,s.  T|,e  .cale 
ectiodc,  >liowii  i>  iiiteivstiiif;  and  is  as  follows:— 
n.  gap  S})arks  at  lon.ooo  volts 

,,  JOO.OOl) 

jO0,0UU 
400,000 
500,000 

..  (>oo,ooo  ,, 

~0U,OO0 


1,^5') 
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Oni'  (1isiulvaiitaK>'  of  this  mi  tli<Ml  of  nua>iiri  iiiriit  i-  tin  .l.uii^i miK 
siiri.'iiii,'-'  thtt  an'  ~<'t  up  in  tin-  transformer  l>v  tli>'  ^lulilni  im-^iiij? 
(il  the  ^jp.iik  wli'n  t!ic'  «j>,irkinL,'  vc.ltac<'  for  which  tho  •■lfCtro(l.<  an 

i-i  rt  achril.     I  "  il.ini)"  ilnwn  tin  ~r  '-in Ljuii;-  tlic  ti-tnii;  i  ln  ihmIi  ~ 
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conntrtt  d  to  till'  main  t<  rmmal-  tiiroUf;!i  carhon  riM>tan(  <  ^  -i  .  ii  alio-  •■ 
T  T  in  Fit;.  <)SS.  <»n<>  of  tht  sf  nsistanct  s  is  sliow  on  an  t  nlarm  il  ^<  ali- 
111  l-ii:  i('»o.  It  act-  I'V  inirncliiiiL;  tin-  o-c  illation-  a-  .Aplainid  i-lsfwhm-. 
Tlir  ii  -i-tai,>  i  >  MX-  holtfil  to  till'  tiriiim.il  -]Au  n  -  and  air  -n-j>fnfl<-(I  with 
tlii-m  li\-  ui-iilatiiit;  tubi'>  from  the  ip  n  ii.iiiir  -icn  m  l-'ic. 

To  iialanCL-  tlic  laiiaritv  i  iiiniit  wlun  tin-  traii-toinur  i-  ii-«'tl  to  tist 
c.r  ■  <  or  in-nlatofs  ot  luryf  <  ai>a(  iiv,  a  chokini;  coil  with  vari.-il)lo  .nchict- 
;t:,  ,  H  I'Kirr.l  .1.  I.  till-  low  Volt, 11^.-  tirminai-.  am!  i-  -o  atljustwl  that  the 
.  iiin  nt  ilowmii  i>  oul\-  Mitlu  iciit  to  make  f^'ood  tin-  lo->: 

HiRh-voltasjc  (i()<)  kilovolts  and  over)  transformer^  an'  ii.  w  m.nlc, 
r-pnialK  I. T  ti -tin'4  iniiP'  -i-,  1)\  -exn.il  well-known  I'.riti-h  and 
Ameiir.iii  tiiiu-,  but  , .  .n-ideiMtioii-  ..i  -jvi,,-  pieiiude  u-  fnmi  carrying, 
the  matter  further, 

Instrument  Transformers.   In  the  section  on 

"  (ieneratini;  Stations,"  and  elsewhere,  references  h.ive 

l>eell  lll.lde  to  the  i  llllilo\  iiii  llt .  .  -pi  .  I,ill\-  on  llluli- 
Voita^'e  circuits,  of  traii-It^rmeri  used  -olily  t«pr  the 
purpose  of  supplvini,'  current  tf>  tlie  measuring  ami 
other  iii-tnmi<-iit<  ,md  the  -,ifet\-  device-  on  tlie  switi  li- 
ho.inl  .lud  el-e\\here.  1  h>-  ll-e  ot  -mil  tr.inslomier- 
has  the  doiibk-  adv.mt.iye  ot  k.  eiMiii;  the  parts  of  the 
protei  ti-d  arranyenieiit-  « le.ir  of  daui^eroiis  voltages. 
,md  freipieiitlv  it  -inipliiie-  the  de-iyn  of  the  protected 
:ippar,itii-.  .\  lurtlur  iiKiteii.d  ,hl\;int,ue  i~  tli.it  tin- 
leads  connecting  tlie  seKuid.try  (oils  of  the  tran-torniei - 
witli  the  instrninents,  etc.,  need  oiil\'  In-  of  small  cn.-s. 
-.  .  tion  ,md  not  e\pi  ll-i\el\"  ill-lll.ited  :  the\  ,ire  there- 
tore  iiiexpensixe,  e,i-ilv  li,imllt d.  ,iml  can  be  ue.itlv  and 
expeditiously  nm.  .MoreoM  r.with  -uch  leads  the  appar.i- 
tus  served  may  he  placed  in  the  most  convenient  po-ition 
determined  by  other  c()..siderations,  and  the  nece— itv 
of  runnin.i;  leads  to  it  need  not  modify  the  de-imi. 

These  transformers  therefore  play  an  important  p.irt 
in  modern  electrical  work.  They  are  mainly  of  two 
types  :  (i.)  current  tr.ui-forniers.  and  (ii.)  potential  tr.iii-- 
formers,  the  hrst  supplying  measuring  currents  to  all 
apparatus,  whether  measuring  or  protective,  the  action 
ot  wliicli  is  to  <iepeiid  upon  the  mai;iiitiide  ol  the  cur- 
rent passing  in  the  high-voltage  circuits,  and  the  other 
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Fig.  99i.-Secandar>-  Win.lin, 
of  a  I  umnt  Transforms. 


voUaRe"*^  ^^""'^^nt'*  to       apparatus  wlio^  action  is  to  depend  on  the 

I-'-inted  out  th.it  >till  another  advantage  of  these 
tMiisformers  is  that  tJje  >o  .m.l.irv  w in.liiii,'s  on  Ixith 
types  may  be  standardised.    Uuis  fur  the  current 
tr.m~forin,rs  the  -land. ml  ni.iximum  or  tlie  normal 
>er, Miliary  current  may  he  5  amiJeres  whether  the 
maximum  or  the  normal  primary  current  be  30 
amiH-re>  or  ;,,oo  ampeivs.    f„  the  i><>tenti,il  trans- 
fnrmers  al...  the  niaxiniuin  ..r  the  normal  secondary 
\"lt.ise  may  be  100  \ults  wliether  the  rorrespondini; 
voltage  of  the  particular  primary  (  in  nit  f<ir  whidi 
the  transformer  is  designed  be  2,000,  10.000,  or 
-'K.noM  v(.lt>.    This  standardi^.ition  enables  all'the 
aj)paratu>  to  be  .served,  whether  measuring  or  pro- 
te(  tive.  to  be  standardised,  the  onlv  variation  being 
m  the  nurkin.:  ..f  the  sr.d.'s  of  thi>  -neasuring 
instruments  with  the  currents  or  voltages  of  the 
primary  winding  instead  of  the  actual  currents  or 
voltages  acting  in  those  in>truments 

that  the  prnn.n  v  „;  ,,  ,  ,„Tent  transformer  is  pi.., vd  in  series  with  the  mam 
ct,rrent  for  wl,„  h  n  .lesigned,  taking  the  place  then-  „t  th,-  ,  i^^ 
apparatus  t..  b.  serxe.l.  The  secondary  of 
the  transformer  is  then  connected  to"  the 
ammeter,  trip  coil,  or  other  apparatus  pla(  ed 
III  It-  external  ciicuit.  which  is  one  of  low 
impe<Iance. 

The  theory  of  these  small  transformers  is 
similar  to  that  devl,,i,ed  f,,r  hxxx-v  ,„h- 
For  instance,  tlie  pinuary  and  secondary- 
curnnts  an  n,,t  ;i  pl,ase.  This  is  of  no 
con.sequence  lor  ammeter  or  n  l.,\-  w(„king, 
but  if  the  secon<larv  curn  nt  I),  u~,  il  in  a 
wattmeter  this  ,,!,,,.,■  dilienmv  juu.t  n..'t 
be  (nerlooked.  \\\.  nturn  to  the  subject 
m  the  chapter  on  '-.Measuring  Instruments." 

The  most  striking  inM.uiVrsof  theditier- 
ences  between  current  transformers  an,l  the 
transformers  previouslv  described  are  per- 


tii-  991.  -  Kcrranti  Curnnit  Transfurmet 
o'lthout  Primary  Cunductor. 
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A  ro<m!  example  is  given  in  Figs.  o<»i  and  qc»j,  in  which  Fi^.  mi 
represent^  tin-  soi  oiiil.irv  wiii.lmi;  wh'u  h  i Kiniili  tely  emittses  the  laminateij 
magnetic  foro,  \vlii<  h  i-'  iii  tlu'  (i>nii  ui  ,i 
ring,  the  two  v\u\->  of  thr  winiUng  lieing 
brouylit  I  lilt  quite  simply.  This  ring  l  aii 
hf  >lii>pi  (l  over  the  insiil:ited  caWe,  whii  li 
I'lulosi-,  thi'  iiKiin  (iin'liii  tnr.  jmipcr  i.ui- 
being  taken  not  to  il  un.ij^i'  the  insulation. 
In  Fig.  992  the  woun<J  rore  has  a  porcelain 
to  iiisul.ni'  tin'  SIM oiiilirv  winding  from 
the  primary;  it  in  claripod  up  bctwoen  two 
end-plates,  these  plates  having  feet  for  lixinu 
The  current  transformers  as  manufactured  by 
Messrs.  F'erranti,  Limited,  arc  of  a  standard 
t\iH'.  riie  --t.iiiilard  maxnuum  ><  1  oiiihirv 
current  is  5  amperes,  and  the  normal  load  on 
the  transformer  is  20  volt-amperes.  The 
transformers  arc  l)uilt  for  ni.ixiiiuim  primarv  lu.       i>ii.idr»nguiar  .Majnui.  1  ir. 

,  ciiil  tar  Fvrranli  Ciirrtnl  Tran»f-..rrotr 

lurrt-'iits  from   400  to  1,000  ampt'res.  Hu- 

porcelain  bush  shown  is  intended  to  insul.U.'  \olt.i«es  up  to  1,250  volts; 
for  higher  voltages  a  heavier  t>'pe  of  bush  is  used. 

Another  standard  type  of  secon<l,'iry  winding  made  bv  Messrs.  Ferranti 
is  shown  in  Fii,-.  (xi;.  llu'  ni,iL;nftic  (ircuit  i-  iiua.lr.iii:,'ul,ir.  aii.l  tlie 
secondary  coil  wound  in  four  sections,  the  ends  of  the  winding  being 
brought  to  suitable  terminals.  Suitable  porcelain  bushings  are  pro\  ided 
for  a  "  straii,'lit-tliroui,'h  "  primary  (oiidiictor  p,i--ing  throUf.'li  the  e.  ntr.d 
opening,  or  the  se(<inilar\-  (  an  be  -lipped  over  ,1  nuiin  eireuit  eon.luetor, 
proper  precautions  being  taken  ,i-  rr-.irds  in^Illation.  For  cinrent-  up  t4> 
4,000  amperes  the  opening;  i>  >,\  inches  squa:  .  and  from  t  ".„,  to  io.ijih) 
amperes  it  is  5  inches  s(pKire.  with  other  dimensions  in  pio|),.ition.  The 
larger  si/e  weiirhs  511  lb.  net. 

Transformers  of  the  "  rini;-core  "  type,  .is  it  is  c.iU  -d,  .ire  ,iKo  m.mu- 

factured  by  The  British 
Thonisoii-H<iu>toii(  oni- 
pauy.  .!>  -liown  HI  l  us. 
1(04  and  005,  The  mag- 
netic core,  with  its 
sei  onil.iry  1  oil. is  siip)>ed 
over  ,1  por.  i  laiu  tul)i- 
not  less  than  h,ilt  .m 
inch  thick,  through  which  the  primary  conductor  is  to  1h>  passed.  The 
transformer  can  be  supplied  with  or  without  a  i>riniar\-  rotuhi' tor.  In 
Fig,  994  the  primary  conductor  is  a  copper  rod  with  sint.ibly  worked  ends 
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for  ...nm.  ti.,n  t..  .I,.-  main  .  irnnt.  I,,  l-,.  ...S  1,  ..  n,.l  is  ..Is..  sl,uu„ 
the  ,Mrf,  nf  ,|.,.  tr..nM,.rnu.  Im,„^;  ,„.,unt.,|  ..„  .,  hracket  provi.lv.i 

7 n;  «>th  slotte.1  f.H  f..r  .lamping.     In  hoth 

cases  the  .•ti.ls  nf  tlir  -,  r,,„,|:,rv  uiii.Iin^'  ;ir,' 
brotieht  t..  terminal,  at  thr  t.,p  aii.l  iH.ttum 
■f  .  \lni.lfrs.     Ihf  >tan.liira   sizes  of 

I  ifj.  (K)4  type  are  tur  nuxinuim  prini  irv 
'urrents  fn.m  io<.  ti.  i..h...  anii..  n  s,  wifl,  a 
'  apa.-itv  fro,,,  s  t-  15  \ .  .|,  ..,,„|„.,v>.  whilst 
111  l  iu'  '»()5  tlif  nirr.iit>  may  l.e  fr<,m  nx> 
t"  ;  ■  "  "  amperes,  am!  the  rapa(  ity  from  5  to 
75  vnlt-amperes.    rii.  y.itc  l.oth  t.a- ,  ii,',iit-, 
where  the  vnltai;,-  ,|,„-,  „ut  .  .x,  ,■,■.1  ..,,„,„ 
\"lt- t.M  ,i,tli.    I-,,,  lii:;liiT  voltaRes  heavier 
in^iilatiun  is  j.|..vi<|c.|. 
F..r  hi^h  voJtau-fs  the  .  tirrents.  .  v.  ii  f.,r 
a  .  oiiM.l.  r.ilil,'  ,u,i,,iiiit  ,,|  ]H,\v<T  fran~niitt.-(l, 
aiv  ...nipaiativ.ly  Miiall,  wliilst  the  insiihi- 
ti.'n  .littieuhies  are  enhaneed.     The  small 
•  iirrents  necessitate  a  "  iiiiilti-tiirn  '  primary 
m  the  current  tran.f,,rnicr,  sm.  h  as  is  shown 
in  I  II;    <K|t..  whirl,  1-  ail  illustration  nf  a 
tran>fnrmer  mamifa.  tured  bv    TI,,.   H,  iti.h 
Thomscn-Houston  Companv.'  Tin-  pii„i,,rv 
iv.|niMf  niinih.  I-  of  turn-  is  passe,!  thn.n-h 
I  which  p,i~-,  1  tli,..„t;h  the  core  of  the 


1.1  II 

t  ill'  r  w  i 


I       I  iw.  r  "i;      I  I',,,., 

'  "11,  i.nninal-  t,,  x„,  uf  tin 
two  ponclain  tiihc-.  the  low,  r  r,,',,. 
i  ini^-\\o, 1,1(1  ,,,ii|- 
.n\  triiiiiii.iK  /,, 
wliicli  is  similar  f.i 

tllr  -(ri.,i,i,,rj,.- 
~CI  .lird  alii  Till, 

i-  intended  for  cur- 
rents   up    to  .;oo 
amperes  and 
a^'c-  Hot  l      ,  , 
7.000  volt>  to  earth. 
The  transformer  is 
I*"'  inches  loiit,',  ,0 
inrlie-  wide,  and  ()j 
inches  hi(,'h. 

lull  p-,.«,„=,  .l,f,„e„„  „,  ,he  high-vollase  lints  i,  „«in"v  ^Lc^ 
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Hi^jh.vutuKc  Turrent  Transformtr  wiih  "MuUUum 

rrini.irv. 
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acn)s«.  tlu  tornim.iK  tlio  instrutnt-nt.  In  utlur  n  -i-.  i  t»  tlun-  i>  ti.  tlmiL; 
ven-  spe<  ial  in  the  il«'>ij;n  fxn-pt  tlu"  ]x>jnt  .ilr<  .ulv  iii>  nti'>n«'<l  "I  tlx- 
<-f ;infl.irili<ini;  nf  th«  M-tontlciry 
|)rt'--nii  til  .1  m  iMimimof  ico 
volts  lur  till'  iinrinal  working 
priniarv  voltage,  for  whifh  th»' 
liartic  ular   transformtT   is  lir- 

The  exti'm.il  ajiiK  ar.m.  r  .1 
a  ^inyh'-phasf  FiTranti  liinli- 
voltatif  >tandar(l  potential  trans- 
forim  r  is  >lii'\vn  in  I'ii;.  uu~ .  It 
IS  ot  till'  cil-insiilattil  tvpi-,  ami 
two  l)it,'h-vultace  terniinaK  ar>' 
pii iviili  il    "It  I  (,t  till- 

m^tllatnii;  liairiiT  wliirh  -i  jmi- 
att's  tin'  iijijMwitf  jidlis  (if  till' 
jirimary  rirruit.  One  of  tln-c 
,\  on  cadi  side  is  fny  tlif  Ica-l 
from  the  main  l  ircmt ,  .mil  the 
utlur  n  is  tlic  ttiiiiinal  nl  ilu'  primary  \snulmf,'.  I'lii'  two  arc  i oniu'itfd 
by  a  safttv  fuse  oontainod  in  an  insiilatint;  tnbc  ami  lying  hftweon 

SUitalili'  I  lljw 

Till-  ti,iii~liiinii  I    i~  III   till-  I'liir   t\|.i    ,111(1  till'   piiiii,ii\'  hi,L;!i-\ I iltayc 

wiiiilin^  i^  ilniilitl  into  a  lar^c  numhci  of 
«(i  ti"ins  placid  next  to  the  core,  Irom  wliii  li 
tin  \-  ate  ^i  pai  itcil  !>\'  a  mica  tubo  made  b\' 
wiajipiiii;  mi' .1  !"iiuil  a  li'iiiiii  .mil  tln  ii 
ta])im;  ami  impiei^n.itnii;  it  wiili  .i  iii.itiii.il 
(|nite  tiiiatfectid  bv  the  m-nl.itint;  oil.  V.m  \\ 
-ii  ti.iii  III  the  \Miiiliii.:  1-  !'  liiii  !  wiiunil  with 

(liiulile     I  iitti '11-1  o\  1  li  il     Ulle.      \el\  tiitlL;ll 

leatlieroiil  slicet  beint;  in-eited  b(  tween  the 
l.i\i  r-.  The  »ectii'ii  i-  then  diieil  in  .i  hot 
\  .ii mini  chamber,  impn  L;n.ite<l  with  \  .niii-h 
iimli  r  iivesstire,  and  .  ;.im  dried,  lieiim  tlu  n 
wrapped  wiia  instilatint;  tajie  and  i  lotli  ami 
atrain  dried  .(nil  imprecnated.  The  com- 
pleted ciiil  i-  -I'liietinii-  wr.ippid  wit'i  tin- 
foil, which  forms  an  additional  simrce  of 
A  sectind  mica  tnW  >lij>jied  over  tlie  primary 
^econdarv  windini:.  the  •  i .n-tnu  tion  of  whieli 


Fig.  598.— Ftrranii  Three-phase  Potential 
Transformer. 


safety  as  an  earthed  shield. 

windini;  -ep.ir.ites  it  from  tlie 
is  quite  simple.    In  working,  one  pole  of  this  seiond.iry  windiiif;  should 
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'"■  <  ittli..l  ti.  iiiimmiM'  the  eftect*  of  electrostatic  charRes  between  tlip 
primary  .iii.i  mi ..ii.larv  windings,  which,  re«.inie«l  as  the  two  pl  it.'^  ot  .1 
cori.len^er,  have  a  .liifin.  t  elertm.tatl.  .  ipa.  itV.  With  the  trails|.,rillel 
'"  lii-'li  volt,i:;e  cir.  iiit,  thr  >e.  oii.l.ns  windings,  if  well 
in>ulat,il.  ma\  liecuiiie  cliait-ed  to  a  very  liigh  and  dangerous  potential, 
but  with  i.iie  (H.int  earth.-.!  this  danger  is  re<hjced  to  a  minimum. 

riie  alxiv.  M.m.l.ir.i  t r.iiiM. irin.-r-  .nv  111,1. |r  uith  .  iti,-,  i,i  u,,  50, 
anil  is<>  v<.h-.miiM  i,-..  uith  ,111  ample  niargm  Jur  .-liurt  ..verloads.  such  as 
m.iy  .H  i  iir  wlien  1  for  >\  lu  hronising.  The  ranRe  of  voltages  for  which 
tliey  are  >tandar(li7..  d  runs  from  I,0(X)  to  40,00.^  v.>lt>. 

A  similar  three-phase  potential  trar.-fonner  without  it>  .•!!  tank  is 
shown  in  Fig.  998.    It  will  be  seen  by  c..mpari«.n  with  I  m.  ,s<,_,  that  it 

f.itl.>ws  I  li.^ily  tlie  design 
.>f  the  laii,'!'  power  trans- 
Icrnirr^  |>i  ■  \  1,  ,11-lv  de- 
^'-nbcd.  it  laay  therefore 
be  well  to  state  that  the 
transforni.  rs  without  their 
ca-ies  \ary,  aciunliii:,'  t,, 
til'-  piiiiKirv  vnli,i^<  ,  tniin 
II  to  nii  111.  in  height. 


troiii 


'(   to    14.5    in.  in 


..59.— ThrM  ph;i,c  Air. ii.su I.itf  i  II.  I , .11.  H.,lciilial  Tr.iu-furjiier. 


'iiiytli.  and  Ikhh  i<\  to 
I"  Ml.  Ill  width,  whil-.t 
thiir  weigiit>  vai\  for 
-ingle-plui^e  rvpi-  In.m 
30  to  76  11)..  and  for 
three-pha^e  tyi>i  -  ti..ni  45 
.  .  t*^'  105  lb.  witliout  fuses 

"I  I. inks,  ilic  hiRh-v-oltace  circuits  are  protected  hv  fusts  outside  the  oil 
tank,  a^  m  Fie.  <,<);.  Tl,.-  tlirv  trrmin.il- , .f  ihr  M  r,,„,larv  or  in^tninu-nt 
winding  and  aNo  an  .  .mhin:^  t.  rnun,,l,  can  l.e  <een  uii  the  front  in  1-ig.  990. 
I  Ik-  cil-  aiv  ^t,u  r..iiii.-Lt.  d  Unless  otherwise  required. 

A  Hrui>h  Thoi„.,,n-Hou>ton  three-pha,e  pot.  nti  .1  tr.invf,  ,rnur  -iiown 
m  us  case  in  000.  The  transformer  is  au-n.Milatcd,  but  oU-.ii,u- 
laie.1  transform,  ,.|  ,)„.  .anie  tvp.  are  also  available.  It  will  be  noted 
that  in  general  appe.ir.mce  11  1.,  very  similar  to  the  transformer.  Mi^t 
described,  and  therefore  no  detaile.l  d.^scription  is  nece^.arv  The  Vir- 
cuits  ai-e  connected  ■■>tar-~r,,i  "  w„h  the  n,  utral  ,>ni„,  lH,„id,t  nut  The 
neutral  hieh-voltago  t.;nnnul  .  an  be  >een  at  n,  whil.t  s  s  s  are  the 
sero",i..rv  t-rmmaU  with  «  for  the  terminal  connected  to  the  secondary 
neutral  point. 

ConstantMJuirent  Transformers. -A  cun.ms  iiiu>t ration  of  the 
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fl.  \il>ilifv  of  tin-  vt.itii-  ti.in-fi>rnu  r  i«  tlu'  la<  t  tli.it  it  w  j>>v*ihlr  to  diMkjn 
ii  tran^l'TiMi  t  wliiih.  witlmi  i  i  it.iin  limn-.  -ImII  li.ivi  .i  tuarlv  <iiii~t,iiit 
current  m  it>  M-coiul.iry  foil.  \vh.itt  v«  r  vult,!!-!'  i«  (Unianili-tl  to  supply  that 
rurrt  nt  to  thp  external  load.   In  «)ther  word*  the  voltage  at  the  terminal* 

.if    tlif   ^1  (  (>iiil.ir\    iniil  tlu  t(  fi.ir  till-  1  M  1    111  W--  ri.il-,  V.lli.ll'li  (|ll,lll- 

titu-  wliirli  .iiitdi'.Mtit  .illv  atljii-t  tlu  ni-iUt  >.  a»  t<>  Mipjily  tlu-  •>.mie 
curri  iit  til  tlir  rxtenial  rircuit.  whether  that  riretiit  required  a  hlRh  or  a 
negligible  vdlta^e  for  this  purpoH". 

This  fart,  a*  mentioned  in  the  tSoi  edition  of  thi-s  Iwiok,  was  taken 
.idv.mt.tL.''  iif  |i\-  |'ri'(i  --(.r  |-;iiliu  Tli. .m-' 'ii,  who  ij. -ilmu  cI  .i  ...jjv/.oi/ 
currint  triiififurnur  for  tlw  puriKise  of  >ui>i«l\ini;  lurniit  to  a  v.ui.iMe 
number  of  arc  lamps  in  serie*.  The  general  de>ii;n  of  h  a  transfornu  r  is 
shown  <liaijrainrnatic.il!\'  in  Fif,'.  i.oon,  whic  h  i<  .oiiiiij  frum  the  edition 
mentioned.  Tin-  primary  and  secondary  foiN  .ire  on  xparate  core"",  which 
alone  would  tend 
to  increase  the 
values  of  the  leak- 
at;r  liilds  N,  and 
Sj  (sec  paK»'  0.54), 
a  tendency  wliich  ^ 
i<;  increased  hy  -up-  ^ 
plying  a  third  un-  p 
wound  core  with  a  ^' 
non-magnetic  gap 
at  .A.  The  result 
I-  a  \ery  leaky 
trunstormer,  for 

whicli  the  vectors  and  <•,,  of  Fi(j.  952  will  he  relatively  verv  mnrli  lar««  r 
thati  in  an  onliuaiA  powi  r  ti,in-tornier.  In  (  on-i  ijnenre,  it  1^  |)os,il>le  to 
have  coii-tant  \oltai;e  and  \ari.iMe  inireiit  in  the  primary.  .m«l  nearK' 
(on-tant  current  with  v.iri.iMe  volta','e  in  the  -icomlarv 

The  subject  does  not  lend  itself  to  the  simple  metlii)d  ol  explau.ition 
adopted  in  the  elemcntar>-  theory  of  the  ordinary  transformer,  since  the 
tpiautitie-,  aie  -uliject  to  greater  vari.ition-.  llu-  tlu\.  -  v.  s,  aiul  s.will 
be  nearly  constant,  because  o*  the  constant  volta.ge  apjilied  to  the  pMin.iry, 
but  (N  —  Xo)  will  not  be  constant,  because  of  the  extra  voltat'es  generated 
in  the  seconi!ar\  ,  moreover,  tlie  ]iha-e  relation-  of  tin--  i|u.intities 
will  be  tlilferent.  .'Suppose  the  -eicnil.u\  to  b,-  loaded  witli  t  lew  glow- 
lamps  in  series,  and  that  one  ot  tlu  -e  be  short  .  ireuited,  there  will  be  a 
momentary  increase  of  current,  which  will  diminish  the  ettectivc  flux 
through  the  seiondaiv  core.  This  increase,  however,  will  he  throttled 
bv  the  large  value  of  1,.  the  inductance  of  t!ie  se.  f .nd.irv,  an.l  within  limit-, 
the  effective  flux  will  settle  down  to  a  lower  value  corre-puiiding  to  the 


i'lii.  i.'xjo.— Klihii  T!i-  iii-  'i's  C'  n«.uu.''iirrc'^l  Tran-f-  riii.r. 
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smalliT  voltiiRf  now  roquiri'd  at  the  t<Tniinal>,  flic  pha-c  r.lati.in-  aNo 
clianRinfr  inrliKhnir  the  relative  values  of  tlif  wattless  and  workuii;  cur- 
rents. Mm  li  a  ti.iiiM..rnirr  ha-,  of  coins,.,  v.  rv  had  regulation,  the  voltage 
drop  .It  all  lo,i(is  l„  in^'  l.irge.  In  fact,  it  is  by  the  variation  of  this  bad 
refjulation  that  it  attains  the  dt^ired  result. 

Auto-Transformers.— The  prin.i)>l.-  of  thr  auto-tr.insfornur  has 
alr.'adv  h.en  rxi.laine.l  at  o.i-,.  ;ji  ,i,i,l  ,„  tlu'  f. illowing  p.ips  illustra- 
tions Iia\.  Im  i  m  :;i\,  n  ..1  su,  li  ttan-loriners  designed  for  the  purpose  of 
startmi,'  iiuhictioii  mot.. is.  It  is  therefore  unnec.ssarv  to  piirsiir  th.' 
subject  farther  hen>  except  to  r.  mark  that  if  the  tr.iiistoi inn-  is  to  Ik  iis,.d 
In  s,i|,|,K'  i  iirrmts  i,,r  !.,ii-,r  i>rri,„ls  ih.ui  Mquiird  i,,r  startiiii;  purposes 
thr  .i.pp,r  m  thr  \viu.liiii,'s  which  act  .is  a  srcoiidarv  coil  must  he  of  sutti- 
ci.  nt  cross-section  to  carry  tli.-s,.  heavitr  curr.  nts.  The  principles  of  such 
design  are  not  different  froiii  tims,  aln  ^Mlv  .  .1. 

The  ,uito-transf,,nn.r  has  ■„,  inip,.it,int  .ipphcaiioii  Inr  b.daiiciiit; 
I'ln  pns.  s  m  pnuei  .listributi.m  systems,  in  wlii.  h  its  tle.xibihtv  is  found  very 
nselul  l.>r  b.ilaiiciiig  jmiposes.  Its  application  for  such  purposes  is  dealt 
with  on  jKige  i34,S.  and  the  hillowiii- 

Other  Applications  of  Transformers.  As  Mi,ntio,ud  mon  th.-in 
once  in  th.^  luecediiiL;  pages,  the  st.uic  tianslornier  is  s,,  Minple  in  principle 
and  .so  flexible  m  its  details  th.it  its  applications  are  almost  intinit,.  Even 
for  power  purposes  th,.  jmrchng  pages  have  imt  lu  irlv  .  xh.msted  the 
subject.  I-urther  mn,!iticati.,ns  will.  Imwever,  b,  ,un,,  ,n,n.iueml\  dealt 
with  m  .nniu  .  tinii  with  tlie  spe.  ial  aiiplication  in  which  they  plav  an 
important  part,  more  especialh-  in  the  section  on  distribution."where  in 
adilition  to  uses  already  mentioned.  the>-  are  nh  rred  to  as  ,m  tiny  — 
((?)  as  voltti^,-  IN,,'  p.lye  . 

(h)  .is  /Kihiiucis  to  ciiiiter.ict  the  variatimis  of  voltage  caused  by 

unbalanced  loads  (sec  page  1307), 
(f)  as  choking  coils  or  ncichiiiccs  design,  ,!  t,.  pi,.t,ct  an  inst,i!l,,ti,,n 

or  syst.in  fn.m  tli.'  evil  effects  of  sh,.rt  circuits  and  iurgings 

isiv  p.iy,-  I   1,01,  .111(1 

(dj  .is  shitic  kil^iiidrs  on  three-wiiv  ex.  systems  {sec  page  1310). 
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In  tlii-  rhaptcr  tin        c  ■  iiul  grili  l  ,ll  t  \  pr  i  •!  tl,ili-l..llll.  I-,  ,,1  ,  i.idiiii;  til  till- 

1  la^siticatioii  adnptcd  on  S5f).  is  dealt  with.    Tin-  t\iu'  cim-i^t^  i>l 

tiansformers  witli  mining  j>art>,  or  rotors,  ami  tlunlntf  approjiriatt'ly 
kiuAvn  as  "  kuictir  "  traiisfomicis. 

i.     (.l.ASSIl  K  ATIi  iN  ol    KIM.IU'    1  KANsI  i  iKMl  Ks 

Jhc  kinetic  transfoniHTs  in  ordinary  use  in  inndcm  di  ctricil  cni^in'  tT- 
ini;  \Miik  li.i\i'  lin  ti  <  l,i--iiii  d  in  Vol.  I.  (SiV  p.i.-r  37s  .  mil  tin-  lii-tm  v 
of  tln'ir  i lr\ ill ipiiii'Tit  ,m.l  tlir  priiiri]>|,'^  iindi-rl\ in-  tin  11  ,u  tiim  li,i\f  ,i1mi 
U-tMi  fxpl.iiiuil  !s,,  (  h.iptrr  Wll..  \',il  I.  .  It  i-  niii-sary,  therefore, 
only  to  recapitulate  here  that  they  lall  into  the  following  categories;  — 
(i.)  Coupled  motors  and  generators. 

iii.i  -Motor  getii  ratms  jirnperlv  so  called,  i.e.  single  machines, 
(lii.)  Rotary  converters  or  rotaries. 
(iv.)  Motor  converters. 

(v.)  rertmitatoi-. 

Coupled  Motors  and  Generators.  Plant  eoii>i-.tiiiy  ot  i  motor  ot 
suitable  tyjx;  and  speed,  lotipleil  to  one  or  more  generators  (with  e.xciters 
and  starters  sometimes  adiledi.  is  very  widely  used  for  :i  \  ,iin  tv  of  i>ur- 
poscs.    The  outstanding  i)roperties  and  chaiacteri-tir-  i.|  tin-  muti.r--  ,tnd 

generators  available  have  been  \erv  fullv  dl-i  lls-id  ni  the  preeediin,'  p.iL;es. 

The  arrangement  is  e.Mienuly  fUxiWe  ;  but  the  advant,ii;e-,  and  dis- 
advantages of  a  particular  combination  for  a  special  puipn-e,  such  as 
ordinary  snb-tation  working,  balancing:  mi  :\  thrn  \Mre  -v-tmi,  boost- 
ing, etc.,  are  best  considered  111  connection  with  that  pur])o>e.  It  lias, 
therefore,  Iwen  decided  to  i)o>tpoiie  the  further  consideration  of  these 
combinations  until  their  applications  are  beini,'  dealt  %vith,  and  for  the 
present  to  refer  the  reader  to  the  sections  eited  al>o\'i'. 

Motor  Generators.  This  temi  is  verv  coiiinnmlv,  though  not  very 
hai>pily.  applied  to  the  combinations  referred  to  in  the  last  ])aragraph. 
It  would  be  better  restricted  to  that  tvpe  of  contimion-nirrent  trans- 
fonnei  which  mn-ist-  ,,l  a  -in-le  m  ,.  Iiun'  mi  the  rutm  nl  win,  h  thi-re 
are  wound  a  high-voltage  "  and  a  ■  low-voltage  "  circuit,  e.ich  with  its 
own  commutator.    One  of  those  circuits,  when  supplied  with  continuous 
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ciirr.  nt-  the  [.r.-ixr  vnlt.i-r.  acts  as  a  in..t..r  circuit,  driving  tlic  rotor 
af;.nn~.t  fii.  ti,,iuil  (uic,  s  ami  against  the  forces  developed  by  the  generator 
action  nf  tlic  dtlu  r  circuit. 

Such  machines  fulhl  a  useful  purpose,  but  urc  not  verv  often  recpiircd 
and  are.  tlierefure.  not  v.rv  widely  used.  Jii  one  ,.f  their  chief  applica- 
tion-, n.im.  K  l,,,l,„Krrs.  they  h.ive  been  to  a  tjreat  extent  superseded 
b\-  the  coupled  i-lant  referred  to  ab<.ve  and  by  other  combinations  which 
will  be  referred  to  in  due  course.  It  is,  therefore,  not  necessary  to  add 
here  anvthmg  to  what  has  already  been  set  forth  in  Vol.  I.  (see  paces 
6;i  to  ();5). 

Permutators.  Th(  ve  .ire  machines  which  convert  alternate  currents 
into  contunK.us  currents  of  a  dehnitely  related  voltaic.  Both  tli.'  '■tator 
and  the  or<linar>-  rotor  are  fi.xed.  and  the  motion  is  conhned  to  sets  of 
svnrluon<.u-lv  rotatiii!,'  hru-lies.  The  method  has  not.  as  yet,  come  very 
wi.lel\  into  use,  and  the  ch  .cription  of  the  Rouge-Faget  permutator  at 
page  043  of  Vol.  I.  will  suffice  at  the  present  stage  of  the  development. 

II. — ROTARY  CONVEKTKRS 

The  n.r.il  coii-tructi.m  and  the  piincii)les  underlying  the  working 
of  rotary  converters  or,  as  they  are  more  briefly  called,'"  rota-i.  ~  "  h  iv<' 
been  fully  explained  in  Vol.  1.  (.v.v  pat;.s  055"  to  (.41,.  \Vorkin^  from 
the  .lUern.itr-current  ^de.  tiie  ni.i.  innr  ,u,,v  be  ret;arded  as  a  synchronous 
.'iltern.it. -current  motor  cmiluned  with  a  continuous-current  dynamo 
whilst  when  working  in  the  opposite  direction  it  is  a  continuous-current 
motor  combined  with  an  .dternator.  It  ha.,  tli.  relore,  the  i>roperti.  .  ,u,d 
pernhanties  ot  all  tlie~e  machines  and,  as  a  consequence,  actual  pr.ictic- 
r.  \r,ii-  de\elo|>mrnts  wlii.-h  rr.[uire  careful  handHng. 

riie  chiel  fimctioii  luliillfd  by  rotary  converters  in  modern  electricil 
engmeenng  is  the  conversion  of  altemate-ciinvnt  power  into  continuon- 
curnnt  i.o«v,.  Tl„.  function  is  well  carne.l  out  by  rotaries  and  simiLir 
plant  tli.it  It  h.i-  been  Mii:t;e>ted  that  circumstances  may  arise  in  which 
It  mav  Im  pr,  h  r.ible  to  generate  low-voltage  altem.ite-cu'rrent  power  and 
convert  the  whole  of  it  for  local  distrii>ution  into  cntimious-cnrient  power 
rather  than  t.'enerate  cntinuous-c  urrent  power  ilirectlv.  Without  endors- 
mi;  till-  Mii^i^estion,  it  in,i\  In  le.idily  conceded  that  the  rotary  converter 
and  its  do-ely  related  riv.d,  the  mot(.r  converter,  are  of  outstanding  v  due 
to  engineers,  and  can  claim  a  large  share  in  the  development  of  the  apphca- 
tions  of  electrical  power  to  thr  s,r\ice  of  m.m. 

In  th.'ory  there  is  no  rotiiction  on  the  kind  of  alternate-current  power 
whether  monophase  or  pol\phase,  which  can  be  handled  by  rotary  con- 
verters, but  m  practice,  polyphase  j.ower,  nio^t  firqueiulv  six-phase 
power,  IS  dealt  with.  Some  years  ago  large  rotaries  for  two-phase  and 
three-phase  currents  were  quite  common  ;  but,  as  will  appear  in  the 
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sequel,  certain  practical  advantapes  can  be  obtained  by  increasing  the 
number  of  phases,  and  111  the  closely-rehited  motor  converter  as  many  as 
twelve  phases  .ire  ipiite  nimnmiiix'  u-^imI 

A  good  idea  of  .1  larj^'e  nii>dern  rdt.iry  converter  fitted  with  an  A  C. 
starting  motor  can  be  obtained  frmn  Figs.  1,001  and  1,002,  which  are 
taken  from  a  1,000-kilowatt  machine  built  bv  the  British  Thomson- 
Houston  Ciiiup.iny.  The  nKichitic  is  iz  ft.  SJ  m.  liinu.  10  ft.  wide, 
and  stands  7  ft.  in.  high,  me.isured  fmnj  the  tlunr  levt  l  i>n  whu  h  the 
base  plate  rests,  the  external  diameter  of  the  magnet  yoke  being  8  ft.  5  in. 


l  i.:    |..>..->1  — rfn    \'l'-r.,i(.     Liirei;t  S!<!t;  of  .i  i,       ^  .    W.W  H    i<  .ur>. 


It  is  .1  si.\-phase.  twtlve-iM'le  ilUK  hine,  .iiid  thint.ire.  when  supi)hed  with 
alternate  currents  of  50  period-  per  second,  will  run  at  a  synchronous 
^perii  (if  5(111  R.i'.M.  The  alt(  rruite-rurrent  t  nd  "1  the  iii.iclunc  1-  --howii 
in  l-ig.  1. 001.  m  which  the  ^l.\  >lip  nn^s,  with  their  bnisii  gear,  are 
prominent.  The  supplv  of  six-phase  currents  necessitates  three  equally 
spaced  connectors  from  the  slip  rinu's  to  the  .innature  fdr  each  ]"ile 
span  of  the  field  ■  these  radial  connect! irs  can  also  be  very  clcirlv  111. ide 
out  in  the  ti-!iic,  Thf  snl>-t.inti.il  ( iid  hearing  and  pedestal  -h^utd  be 
noted,  the  latter  being  deirigmd  to  cont.iin  a  good  reserve  of  lubricating 
oil  tr«  ensurt;  cool  running  for  long  periods.  The  d.  pth  cauge  to  indicate 
the  level  (if  the  ml  1 ,111  1..    .en  at  the  RiiiL,'-liiiiiic,itii.ti  1-  emplnvrd, 

and  tiii   i)tarinL;s  ari      ii-.iiigning.     it  iii,t\   luiUe  r  li<-  noi,d  tiiat  the 
114 
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necessity  of  providing  substantial  slip  rings  and  brush  mountings  has 
considerably  increased  the  over-all  length  of  the  shaft  and  bed-plate,  and 
that  the  bed-plate  casting  has  been  designed  so  as  to  form  a  small 
platform  from  which  the  brush  gear  and  rings  can  be  readily  inspected 
whilst  the  macliine  is  running. 

The  continuous-current  end  of  the  machine  is  shown  in  Fig.  1,002. 
Viewed  from  this  end,  the  machine  appears  as  a  substantially-built  continu- 


Fig.  1,003. — The  Coniinuou'-turr^nt  Si-io  of  a  i,o*»       h.T  -H.  K.nary. 


ous-currciit  dvnamo,  very  similar  to  some  of  the  machines  which  have 
been  illustrated  m  the  chapter  on  dynamos.  It  may  be  noted  that  the 
brush  mountmi:  which  is  supported  from  the  yoke,  is  exceptionally  massive 
and  rigid,  the  latter  being  a  point  of  great  importance  in  the  design  of 
rotaries.  Both  the  brush  yoke  and  the  and  — "  bus  rings  are  divided 
alont;  a  horizontal  dianieter,  so  that  the  whole  of  the  brush  gear  mav  be 
removed  without  disturbing  the  brush  spa-ing.  .A  hand-wheel  for  rotat- 
ing the  brush  gear  is  also  shown"  but  this  is  only  required  for  the 
first  adjustment  of  the  brush  position,  which,  when  once  set,  need 
not  be  changed,  l>ut  will  be  correct  lor  ail  loads.    The  small  terminal 


Rotary  Cosi'F.RTF.ici  i^,, 

board  on  the  yoke  is  a  field  reversing  switch  to  whicli  allusion  is 
made  later. 

A  large  British  Westingh.nise  rotary  converter,  havinij  a  capacity  of 
1.800  kilowatts,  is  shown  in  Fi?.  1.003,  in  which,  ^<•in^'  a  side  view, 
details  of  both  ends  f  tin-  ni.K  Inno  r.ui  hi>  iiu  lr  out.  The  set 
has  10  poles,  is  desi-n.;,!  to  run  at  -'50  r.p.m.  on  u  j^-period  circuit, 
and  to  dchv.  r  currents  at  440  to  5.:o  volts  from  the  continuous-current 
brushes  ;  at  the  h^-hest  voltai;e  the  full-load  cunvnt  will  th.-re- 
fore   be   nearly   .;,5oo   amperes,    necessitating   the  hcaw    l.iinli  c'-.ir 


Fis.  i,on,._British  Weslin;houM:  Rotary  Convrrttr.  i.Soj  iw.,  j;j  «.i  .m.,  with  A  i.  L' 

Starting  Mol'jr  * 


shown.  In  this  case  there  are  two  add?  to  the  coiiipleie  set 
which  did  not  appear  in  the  set  previo;  ,cribed.    In     .  first 

place,  at  the  alternate-current  end  of  the  .  .  nine  a  starting-  .notor 
IS  mounted  on  a  bracket  which  projects  beyond  the  end  bearing. 
This  is  an  induction  motor  used  for  the  purpose  of  startinij  the 
large  machine  from  the  alternate-current  supply  mains  ;  d.  t.ul-  of 
its  connections  and  operation  are  t,MVcn  later.  '  The  other  addition 
IS  tlie  insertion  u{  an  alternate-current  booster  between  the  shp  rings 
and  the  armature  for  the  purpose  of  regulatinc;  the  voltape  at  heavy 
loads.  The  yoke  of  the  booster  is  supported  bv  brackets  projecting 
ixi.illv  outwards  and  radiallv  inuMrds  fr.mi  the  tkM  \!.ke  of  the  large 
machine.    The  operation  of  this  booster  is  also  explained  later. 
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HI      RciTARirS  :    ?'>ME   PI  I  AII  S  ol    C  >NSTKUCTION 

Both  as  rt'Kanls  the  altcrnatc-curn  iit  and  the  continuous-current  end, 
as  well  as  the  details  of  tho  ariiiaturc  an<l  fu  hi  niapm  ts.  the  design  of 
rr;tants  follows  somewhat  closely  the  design  of  corresponding  parts  on 
idternators  and  (Unanius,  and  these  parts  have  been  fully  described 

and  illnstratrd  in  preccdinK  cluqitcrs. 
Practically  the  uiidirlying  pinnciples 
are  the  samo,  but  there  are  some 
(litferencrs  in  detail  which  are  worthy 
of  jiassini;  reference. 

Field  Poles. — f>rie  of  the  diffi- 
( ulties  met  with  in  the  working  of 
rotaries  when  several  are  running  in 
li.uallt  I  is  a  ti  ndnicy  .o  "  hunt,  "  a 
dirtii  iilty  we  have  previously  referred 
to  in  connection  with  alternators  (see 
lau'r  414*.  As  with  alternators,  and  for 
vniul.ii'  rt  asons,  one  of  the  most  power- 
tiil  clu  cks  on  this  tendency  is  the  use 
of  "  amortisseur  "  or  "  damping  "  cir- 
cuits on  the  tield  pole  shoes.  Such 
d:>mping  circtiit-  m-  "  c(i])])cr  hridms." 

as  they  arc  sometimes  called, 
'  are  shownin  Fig.  l,ofi4,  which 

r(  ]ii  r-rnt ~  a  p'Tt ii  'ii  1  'f  a  ticld 
YWiii  ol  a  l-!iiti>li  I'liomson- 
Houston  rotary.  The  pole 
face  is  pierced  transversely 
with  four  holes,  in  which 
dr.iwii  cci])j>ii  iikK  are  in- 
serted, wiiose  ends  are  ex- 
panded into  holes  in  a  heavy 
ci>]il)er  ':astini,'  which  snr- 
Idunu  'he  pole  lace.  No 
bolts  or  nuts  are  used,  and 
til.  whole  L.ttn-  a  i  npin  r  urid  ..l  1.  w-r.-i-tance  damping  circuits,  whose 
action  i-  verv  etlective,  Ihe  particular  frame  illustrated  in  Fig.  1,004 
is  part  of  a  750-kilowatt  rotary  ;  the  interpoles  and  other  details  may 
also  be  noted. 

Dampin-  t;iids  .)t  copper  are  still  more  apparent  in  Fig.  I.005,  v';ich 
represent--  tin  iieid  maiinet  m|  ,i  llritisr.  \\ . -tiTu-;iiMi -r  iwi.ii;,.  In 

this  case  the  pole  face  itself  is  -lotted  to  receive  the  intermediate  coppir 


;.   i.L  4.  —  P.impi"C  (.  ii 
■lit..    11  thr  Ficl.-i      le  ' 
H.r.-H.  K_u.t\. 


/!/;.». iriKKs,  Commutators  axd  Si.ir  A'/.vi,- 


bars  whicli  axv  rivctt-d  to  tlic  sitU-s  nf  tht-  imtt-r  rfct.tin;lr.  Tht  «f  (liacrams 
should  W  l  omiiatnl  with  V\m>.  4/,  ;  an^l  )  ;  (.  in  wliich  arc  civi-n  details 
of  >inii]ar  "  ii,imi>i  r>  "  f^r  larm'  alti  ni.it' m - 

In  lli'tll  tlK>f  iM-r-  tllr  di  tall^  I'f  t!ic  lntrll"ilr~  -lli.uM  l«c  Il'itU'c  1,  aiid 

also  till'  di  tails  cit  tiii'  n>ndu<  tmt;  straps  um  iI  tur  l  arrviiii;  tlii'  i  x<  itiiii; 
currents  from  coil  to  mil.    l-'i;;.  1,004  shows  the  >liunt  i  miiiu<  ti  i|>  and 
1-!C  i.'H'S  thi'^f  l"i  till  itit'  ipi'li-  tu-hl,  the  conmrtors  (or  the  ..tlu  r  tidd 
luiiiy  111  t  ac  li  I  a--!'  nil  till  nl!n  I 
side. 

Armatures,  Commuta- 
tors, and  Slip  Ring-s.   It  i- 

II'  it  niT<  ~-ai  \-  ti '  u'lM  at  li  n-t  I; 
ttii  tiu  r  details  ol  coiivtruetion 
fur  rotaries,  in  addition  to 

tlii'-i-    ahiMiK'    >iipiili(il  i'lr 

iK  llaniiiS.  It  piiSsiMr.  UIi  all  I 
eaii-  ^hiiuld  h?  i;i\'cii  tn  di  taiU 
of  i' sulation,  surh  as  slot 
lini;.!;-,  etc..  in  view  of  the 
alteriiat ill:,'  rli, 11.11  ti  i  ol  t  in 
mecliaiiie.il  -trams  to  whn  li 
tile  eonduetors  arc  liable  111 

llrll  of  tin-  -tl  lill-  ill  ,1  -|M  i  llii 
lilltTlloll  wlili  il  are  lllrt  Willi 

in  dv  iKiiiiiK  and  motoi>.  Enli- 
st.iiitial  eon'^truction  is  a- 
neei'ssarv  in  unerase  as  in  the 
o!  : ,  .lie  1  .li-i  I  an  .il)-i  'lutrly 
li^id  eonnection  between  the 
arniatiire  and  the  romtnuta- 
tor  -jiidi  i-  (  lue  illu-tr.itioH 
of  ,111  ,11  iii.ituri-  i^  ijiven  m 
l-'i^:.  1,006,  which  depicts  a 
British  Westinghouse  armature  as  seen  from  the  alternate-enrrent  end. 
In  tlie>e  davs,  when  lar!j;e  modern  altern;itors  an-  iin  ,11  i.iMv  o|  the 
revolviiiL;  held  type,  with  fi.xed  armature-,  it  :^i\i-  .',1  t.ul-  ot  tin  one 
point  in  which  a  rotary  difters  trenn  such  an  altern.itor,  iiaiiii  ly  m  lia\  inf: 
a  revnlvinp  armature,  and  in  the  nece--itv  of  providinu'  shp  rintrs  more 
i  oniplii  ,ited  in  eh, ir, li  ter  th.in  tlio-i-  wbirli  are  ni  ri  --.ir\-  for  ri \  i  ih  int: 
field  m.igiiets.  in  this  ea-t'  the  slip  riii,i,'>  are  of  hron/e,  and  aii-  -linmk 
on  to  a  cast-iroii  bush  keyed  to  the  shr.ft.  the  slip  rin(;s  and  hush  Iieins; 
irv-'dati-d  from  on-  [uv'th- r  !-v  a  -v!i:v!»r.    Thf  oprn  rf- ira'^tiT  of 

the  disc  part  of  the  ruiL;  should  he  noted  ;    tliis  fultils  two  object— it 


F.i.i-A  rKiiiry  i.\  T/tn  Sf.ri  !ci:  ca  Max 


]ii('iiiiiti>  Vfntil.iti'iii,  and  also  ]>ro\i(|is  sjMct-  fur  tlu'  liuii/oiital  ct>n- 
nectots  ti>  till'  i.i'li.il  iniuluctors  ]ias!«in;,'  to  the  armature  windings. 


F  it  Arin.ilure  with         Kin^s  anil  Commulator  oi  a  lirilUli  We!tinghous«  Rotary. 

As  an  additional  cxaniiilc  (.f  sliii-rin;,'  i( instruction  Fig.  1.007  shows 
the  slip  rings  of  a  British  J  lionisoii-Houston  jso-kilowatt  rotary  con- 
verter.  The  sup- 
port in  this  case 
i?   a   cast  -  iron 

S  1  t  f  V  C,  U  p  (1  II 

wliicli  a  tiiica 
sleeve  has  been 
compressed  and 
(ground  to  size. 
Dii  tliis  the  -lij) 
rintjs  are  shrunk, 
no  bolted  eoti- 
neitions  whirh 
are  lial>le  to  in- 
come loose  beiiif:; 
used.  The  -li]) 
rings  are  speci- 
ally perforated 
so  as  to  propel  a 

good  draught  of  air  under  their  outer  surfaces,  thu-  conducing  to  cool 
luniiiiiK  riu  Ik  it  c(.nnccti.iii>  to  iht  various  rings  are  well  insulated  with 
mica  tubes  throughout  their  length. 


Fis.  I 


■iip  ki'^g^  of  .1 


■'lA-  I'  T  -H.  kol.i 


Ci'.v/.-.vr     ■  .".-.A-.'  xr  /.'..■     /  tit 


Comparixtn  may  be  in.iiU'  bt  twccn  tl;r  .ibuvc  dit.iiU  "I  >lii)  iint;>  aiui 
tlnir  niiMinfjim  let  p't.iric-  witli  Y'mi.  •,75,  in  whiid  tin'  -lip  rint;s  tor  fhi- 
lit  M  ill...  •••  •  •  •  :  ••.  .;!!•  "li  it  I  .1 1 •  .\vii. 

Continuous-current  Brush  Gear.  il<i>'.  .ic.nn,  ^<>u>i  ;;.iui.it<ii 
praiticf  i>  tullowtd  ;  hut,  .is  ri'niark>-.l  .tb..Vf.  in  mt.trv  tnnvcrtrr';,  .iiid 
espfi  ially  in  tliuM-  wliicli  have  ti'  plac  i-.l  mh  ln-h  ii.  .pi.  11.  \  iii.nit-. 
viTV  rii;hl  cun.-tru' ti..n  i>  i-^v'iiti.il.    i:\(  .  i.t,  tln  i.t..!.  .  in  ^in.ill  m.n  iini.  s. 


Fig.  i,oo8.~A  Sicmo  ts  Kutory  Converter  sh-jwiiig  C■>TUi^lI  •■js-current  Hrush  <icar. 


the  brush  Roar  should  not  be  --upp. ntcd  from  the  podi'stal,  hut  t-ithor  from 
the  magnet  yoke  or  fnun  tlie  ba-c.  i;.\,ini|il(  ~  nt  the  t. .rm.  r  ..t  -iicli  -uppnrts 
being  used  liave  already  btrn  ^iven  [see  l-'i(,'s.  i,ou2  and  l.ooji.  In  Fig.  1.008 
we  give  an  example  of  a  machine  in  which  the  brush  gear  is  supported  from 
the  base  plate.  The  machine,  built  hv  Sienu  n-;  Brotht  r'^  1  )vnamo  Works, 
is  a  x,ftOi)-k\\.  rotary,  tt.  l.mg  hv  0  ft.  wide  hy  <)  ft.  o  in.  high  from  lloor 
level ;  it  ;s  a  14-pole  machine,  and  therefore  runs  .it  4J8  k.p.m.  on  a  50-periQd 
circuit.  The  details  of  the  brush  mountings  may  be  ustfullv  compared  with 
those  of  the  dynamos  of  the  same  makers  illustrated  in  Figs,  q  and  it)0. 
Altamate-currwit  Bntth  Holders  and  Brushei.— The  continu- 
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ouH-rurnnt  bru'«li  li<.liiir>  ami  brnsht«i  f..||.>w  ij.mmI  Tuotl.rn  practice  in 
contimious-rurr.-nt  ^'niTat-r  d, -i-n  but  .1-  |...nitr,l  ..iit  alMVr  thr 
altcrnatc-riirniit  y  ,ir  nf  thi>  kind  n. '.--imK  .litin-  -Miiuwli.it  irmn  tlic 
Miiipirr  i,'(  .it.  whii  li  IS  all  that  i>  t.  .|uih  d       iii  idiTn  aitt-mators. 

llir  l.ru«li  iii..iiMtiii!;  on  a  iJriti-li  \\ . -tiii:;liuii«f  mtarv  convert,  r  is 
shown  in  V\ii  i  noo    Tlir  bracket  for  snp]v.rf ini:  flir  brn-li  anii~  is  nioiinti'il 


I 


l^t  ^4 
■  ■ 

X  —   


Kiu.  1.  A....  V- 


(jn  the  bt'arini; 
it  1^  mc  iiiili  il 
cular  and  <  iu 
brnsli  holders, 
aiiii^.  In  ~in 
and  insulated 
The  brush 
Company  arc 


hmi-ini,'  :  but  in  tiie  ia!,:,'er  machine  depicted  in  l-'ii;.  t.ooj 
ill.  I'i  d-])late.   In  larRe  niadiines  the  brush  arms  are  cir- 
■inle  tlie  shp  rings.  iM-m-  inMil.it.^.l  fr.nn  the  bra.  k.  r  ,  th,- 
which  are  of  fiie  b..\  t\pe,  aH'  att.uhed  at  interval-  to  the>e 
ill.  I  ni,i.  luui  -  till'  lunsh  arm  is  screwi-ti  into  the  bracket 
trom  the  brush  holder. 

holiiors  and  brushes  used  by  the  British  Thomson-Hou-ton 
shown  in  Fi£[s.  1,010  and  i  ..11,  th.-  t  .rmer  b<-inf;  the  brush 
gear  u-ed  on  Mnall  machines,  and 
the  latter  that  placed  upon  larcre 

r.itarir-  <.,irb.in  bni'^lii  -  ar.'  ii-.-il. 
an.l  thi'  --.inii'  .■on>ideratlons  apply 
X"  t!ir  dr-:-;;  hruslus  and  holders 
;is  those  which  have  been  set  forth 


Fig.  f.oio.— B.T..H.      .  Brush  Gear  f..r  Small 
Kotarte:!. 


elsewhere  (v,v  pages  140  et  seq.i.  In 


C'.vr/A'ri^r'iri'/tKe/fT  /f/n's/f  (,/  t.: 


l-it;  I. oil)  till'  n»Tr-^,irv  iin^sun  i>  |.\  il.tt  -[.im^v  iii.i  m 

l  ie  I  "I  I  l>v  I  i>ilt  .1  -\'\\a\     •  inRs;  m  l>f>tli  mst  *  the  prt-^nrf  ran  Iv  .i  ljustril 
Multiplf  l>ru>lii's  arc  ii^iil 
fur  cil»vii)iis  n'a«ii>n*.  lM>th 

llcrr  .111(1  ill  till  W'l^'lIU 
ll.ill-'-  a  tr.ltllli 

*)t   tliw  ill  -iL'h  i~  that  thf 
wlmle  of  till'  liiu->li  Krar 
inMilIlti-il  (in  tin-  tup  iif  tlir 

-lip  iuil;-  ;  till-  ni.iki  -  il  r 
),'.  ar  .11 1 1  >-il>lr.  and  :r  i|iU 
ttie  ar<  (imulation  of  (hi»t  mi 
till  nptiiriii  il  f,i(  I  S  of  niiiliT- 
iiiiiiinti'l  liiU'-lii-.  in  I'Il:. 
I  ■  •  1  I  t  III  t'  j'  I  .|  till-  1)1 11- 1 1  li^lili  t  I  all  Im  Munu  I'.ii  uim'Il;  .n  i  i—  t  ihr 
liru-iii  -  till  1  Icanins;  ami  n  plai  i  iiu  iit.  A  5110  kilnwatt  iiiai  liiiii  .  wit!^  tip 
|ini-li  L;i-ar  -^n  tlirowii  iMi  k.  i-  -linwii  in  V'v^   r.oiJ.    It  ~lii>iilil  In  n.  tn! 


►  i;  i.'^ii  — l;,l.  H.  A  ,  tru-i  i  i  I  nj.  K 


Fig.  i.oi> —A  5  ,>-*<v.  B,T,.H   Kniary  with      ,  Brush  G-!'  •■•-d. 


that  in  thi-  inacliino  tlir  hru-li  i^i  ar  i-;  --u])jii.it(  d  \\\,.  pi  .ii-taU 
standing  on  the  base  plate  of  the  machine,  and  in  tin-  it-pect  it  diltcrs 


itutn  thv  in.nhiiii' 
•*howii  m  I  i:,'  I.I  M  l 
which  mav  i<>-  n„ud  In  tlic  rtador 

IV. 


twir,.  tli.-  ..uti'iit  l.iiili  I.V  the  simc  niakc-is  ari<t 
I  ■ '  .  ar.  .  iluT  fiiffrtencts  between  the  two  macJunes 
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In  the  other  srotifm'^  i.f  this  tliapt.r, 
estirjK  pumts  in  the  tln  nrv  I'f  th.-  <!.  mcm  ■ 
workmi;  liav.-  Ucn  <\<\ih  witii  in  pi-Mii-. 
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Fig.  l.k  I  v-Conne>.iirmN  f  t  s,i.i.t,,,,e  Ciirreiil- 
I  .'iire-ph.Te  Suj.ply. 


I   '  'lARV  COSVERttKS  A.sr» 

m.l  in  Vol.  I.,  s.  viTal  mter- 

i  r..-,(i\  ,  ..iivt-rt^  I-  m.l  th.  ir 

III    till-    MLtL.tl    a    t.  w  UtlllT 

point-  nf  intiTfst  an-  bnn^^ht 

wild'  ]  ,  ..n-i.|.     'I'  M 

Current  Flow  and 
Heating-.  s,,inr  ..i  thf 
nii'-t  iiiti.li -tiii«  points  in 
<  onntTtifin  with  mtarv  <  <.n- 

M  iti  r-  ,iri-.'  in  . .  ii-ul.  iiny 
tlu  I  iim  nt-  actually  tli.winj; 
ill  the  (hffmnt  conduct nr*. 
in  vi  ,,f  till'  fa.  t  th.it  ill 
norma    .vi.rkint;  ...at inn. .us 

CUn.liN    .ire    bcUii.;  lil.iwn 

In. Ill  thi!  liru-lios,  ,uui  wlii-n 
lh<  re  arc  six  >\w  nuf^^  aiti  r- 
ii.itf  I  iiMciit^  ,iM'  licini;  -ii]t- 
plii'd  to  tlu-  aniiaturt;  at 
equidistant  ptiints  in  t  vtrv 
douMi-pole  >piii. 

Supply  (if  Si.x-pJhis,  (  iir- 
riiits.—As  six-i)Iia>c  ciiri  i  tits 
are  not  usually  transinittud 
din  ctly  from  the  Rem  rating 
•-t,.Ti-ii  t.i  ,1  s\ili-,t,iti..ii,  it 
may  be  oi  iiittrest  to  show, 
first,  how,  by  means  of  a 
thr.  .■  -  I'ha-f    static  tr.iiis- 


former,  they  can  be  derived  from  onlinary  three-jihase  currents.  In  l  ig. 
I  013  the  coils  A,  n,  and  c  represent  t!ie  tiiree  -tar  e i.nncctcd  primaries  of 
a  static  transformer  recti'-  -  -urrents  from  high-voltage  mains,  H-v ;  and 
a,  b,  and  c  represent  the  .  vo  ige  secondanes,  quite  disconnected  from 
one  another,  and  each  wit  errnmals  hrou-ht  out  and  nuri.lH  ii.l  as 

shown.  It  will  be  obvious  tn„c  at  any  moment  the  potentials  of  the  ter- 
minals I  and  4,  3  and  6.  5  and  2  are  in  each  pair  in  opposite  phases,  that 
»s  180°  apart  (see  page  g46,faoinote).   Also  that  the  potentials  of  i.  3,  and 


it  I      •  n  niiiiiifnt  t  at 
.  il- •  4  w ill  I'l'  .it  I s,i  .  'I  It 

.  li-  it  i:  '  -      (J.i     —  ) 
till  ti  (.irr,  illtirt  l">  in 

.  iji>'.  T'>i'  ,  _'4i>  ,  atul 

I  lis.  i..t,ii\. 

1, 


5  .lie  -iuii«-tvilv  lio"  apart.    It,  tine  ii  ti 
in  It-  I'll'-"-,  {  will  be  at  ijo"  an  i  s  at 
'.iiii    tj"    ►  iSii  .  ami  J  .It  J.',    j^i.   -  i^.i 
tii>m  I.    Ili>;  poinf-i  in  tin  onlir  nt  thr  miTul" 
pIiaM'.  fhr  i>li.i-.«<  at  a  civt-n  ini'fn«'nt  Ixtni;  u  , 
;i'ii     .i;i.l  t!.'  \-  :iia\        i<  !■  :i    !•■■  •!  in  rl;i 

••ll|i   111!--    r.    J  i  .   S'.  .llMl         I'l  llir  allll.llUI 

rn»f»(,\.'i<n;s  !o  Ann.ilur       I  !;. an'  :•'    vn  lnr  .i  tii|>.i|.ir  iiiai  !iin>-  m 

Viiz.  I  1114,  in  Willi  !i  tin-  .irni.ituit;  h  r.-pn -t nt-.l  a-  a  ijraiiMn.'  rini;  win.lini; 
in'-iilf  tlif  rhain-'li'ttiil 
|i.  •!•  -  •      Till'    I  •nrni- 

t.tti  ■!    I-  ll,  ,11.  t(  (1  lll-llU 

till'  ,11111. itiiii'.  .iiiil  -till 
fariliiT  lIl\^.lIlU  .11'  !\ 
ri  iti'  i  nt  ri'  1  ircK  1  •  j  ,1 1  ■ 
-1  ll'  liii.-  1 1     -  :\  -llji  1 111:;^, 

Til'  tliii  r  -1 1  iiiiil.irv 
("iN.  a-i  nninlxTi'd  in 
Til,'.  I  •■I,;,  .itf  -lii.wii 
f.ich  ili,i!iu-iralh'  i^n- 
ntTttil  nrr<i>»  tlu' 
gramme  windini;  at 
ansli^  *'i<>  ap.irt.  tlii' 
ctiiiiitiiii '11  t'l  till-  -liji 
rini;?  Kiiii;  iinlicat<  d  by 
(Ififo  and  numbtrcd 
.irii'W-.     l-!.ii;ii    c. 'il  j~ 

■■il"\Ml    111    tWiP  -iLti"!!-, 

jLirih  tn  make  thf 
drawing  rli.ir.  '.tit 
diicrtv  l>«c.iu-i-  till- 
ct-ntial  pi'int-  i.t  « .n  li 
cull  whin  «i.  jciinid  to  the  windings  nf  a  rotary  :iir  ,il!  .it  tlir  -.mir  p<itintial 
which  i«  half-wav  bftwi'f-n  the  p.  .tenfiak  of  th-'  twn  l.ru--h.-.  Ihw  isubvimis 
win;  I  th-  I  ml-  .4  a  r,.ii  are  dip  ^  tl\  iin.lcr  tin'  brii-l!.-; ;  it  Miii.iin-  true  as  th«! 
ariuaturt-  p(.int>  connect,  d  tn  tin-  rin^s  rctatf,  lur  as  tlif  {-Hitcntial  of  one  rins 
falls  the  potential  <•{  the  other  rises  bv  exactlv  the  same  amount,  and  there- 
fore the  potential  >•{  the  imddle  j.i  nit  n  ni.iin-  tim  Iiaiii;i  d.  ]\  t  tlii-  ir.i^nn  it 
IS  worthwhile  bnn,:;iiii;  ..ut  1.  ads  ironi  the  middle  points  of  the  secondaries, 
so  that  after  beme  short-circuited  bv  the  switch  ^  they  may  be  avail- 
able for  connection  to  the  middle  wire  of  the  continuou-current  tlirer- 

•  Kor  Ihi'^  ,llu51ralion  the  Author  .s  indfbled  10  ihe  (ourtt-fiv  ol  Ihr  Bnli'li 'I  homson  llousloi* 
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wnre  distributing  circuits.  The  secondaries  of  the  transforni.  r  r,i„  there- 
fore take  tho  place  r,f  tho  "static  baluno.  r~  dcM-nl.,-,!  .iMuh.-n'  (,s^.- 
pa[;e  i,;m;'.  .,s  bcin^'  u-cd  to  rcpulati-  a  iMntinuou^-currtnt  threi-wiro 
distntnifini,'  system.  Fmally,  in  Fip.  1.014.  the  field  poles,  as  already 
mentioned,  are  indicated  by  chain-dotted  hnes,  but  the  excitation  circuits 
are  not  shown. 

I  c/A/iT-r./j';,.  — On.   of  the  im.pertic^  uf  the  mtarv  converter,  a>  ex- 
pl.uned  el>ewhere.  1^  the  appru.xniuitelv  lon-tant  ratio  between  the  \, 
Voltaire  applied  to  the  .-hp  rint-  an.l  the  e.c.  voltaire  obtained  n„  the 
commutator,    l-.^r     sme-wave  ~\vt.  mi  the  v. .h.i:,'e-ratio  L.  tueen  the  shp 
nn:,'s  and  the  biu  i.e~  in  a  simple  rotary,  without  any  regulatiiiK  apparatus 
a>  imi.hshed       Dr.  5   I'.  Thompson  in  has  been  alreadv  given  for 

si.\  diUerent  forms  of  alternate-current  supplv  in  \M  I.  ,p,i-, 
The  six-phase  case  is  included,  and  the  table  show-  that  when  th,\olt,it,'e 
between  the  bruslu-s  is  100  volts  th.-  r.m.s.  voltage  hetw,  en  .idjacent 
shp  nnps  is  35-35  volts.  The  voltage  across  the  terminals  of  ,1  -mule 
transformer  oil  can  easily  be  deduced  from  Fi?.  1.014  hv  notiii.i,'  tliat  tlie 
brushes  tap  the  tops  of  the  sine-wa%-.-s  of  surce.-Mve  ;rn.upm^s  of  the  arma- 
ture conductors,  and  that  each  coil  is  placed  di.imetrallv  across  the 
arrnature.  The  measured  r.m.s.  value  is  therefore  100  +",^/r  or  70  - 
volt'.  This  being  so,  it  is  further  evident  from  Fig.  i  014  that  tV.  km  b 
voltage  between  rings  wll  be  one  half  of  this,  or  IS  volt-  -ince  two 
successive  serondar\-  half-cn,k  and  the  arm.uure  winding  between  their 
ring  ends  form  a  mesh-connected  three-phase  system  with  the  phases 
00   apart.  '  ' 

I-or  a  three-phase  supplv  t.)  the  -hp  ring-  the  vnlta-e  between  suc- 
cessive rings  IS  t>i-2;,  v.)lts  for  a  continuous-current  p.d.  of  100  volts 
between  the  brushes.  In  this  case  the  connections  of  the  secondary  to 
the  armature  cannot  be  diametral. 

Methods  of  regulating  the  voltage-rati. ,  i„r  a-  it  1-  are 
given  in  the  iie\t  -ection  on     I^.tary  Converter  W-ikin;;.  ' 

Currents  tn  Armature  Conductors.— The  distribution  of  the  current^  in 
the  armature  conductors  is  complicated  by  the  fact  that  the  alternate- 
current  motor  current-  wliich  enter  the  armature  winding-  at  six  definite 
points  have  superimposed  ui)on  them  the  continiious-current  generator 
currents  which  leave  and  enter  the  windings  at  points  which  are  continually 
changing.  The  current  in  anv  triven  conductor  at  a  -iven  ui-tant  will  ch  pend 
upon  (1.)  Its  position  relative  to  the  bru-he-  .md  111.,  its  position  relative 
to  the  two  nearest  connections,  one  on  either  side,  to  the  slip  rinps. 

The  problem  was  first  worked  out  in  detail  bv  Dr.  S.  P.  Thompson 
in  the  paper*  mentioned  above.  To  simplify  the  calculation  he  con- 
sidered the  distribution  of  the  currents  which  would  be  set  up  in  tlie 

•  '«r».,.'.-,'..4,  ,'.,„„.,,,.,  .  f.v./r:.a/£,^>„M,  Vv.1,  .\XV11.  ^,8^). 
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armature  conductors  if  the  armature  acted  (i. 
generator  only,  and  (ii.)  as  an  alternate-current 
tion  in  the  >cci<nd  r  ise  being  worked  out  for 
slip-ring  junctions  relatively 
to  the  brushes.  By  super- 
imposing the  two  sets  of 
currents  on  one  another  he 
obtained  the  actual  distribu 
tion  for  each  of  the  positions 
selected.  Solutions  were 
given  for  one-,  two-,  and 
three-phase  alternate-cur- 
rent supply,  and  as  Ixith 
the  method  and  the  results 
are  of  great  interest  we  re- 
produce the  diagrams  for 
the  last-named  case  in  Fig 
1. 015.  On  the  extreme  left 
in  the  til])  row  of  diagram- 
is  the  rase  of  the  bipolar 
generator,  with  an  oiitiHit 
of  100  amperes,  which 
divides  between  the  twi^ 
.iwiiI.iMe  p.iths  into  two 
currents  of  50  amperes  each. 
These  currents,  of  course, 
are  in  the  s.iine  iiire(  fi.,ii  .^^ 
the  induced  K.M.F.-  due  to 
the  movements  of  the  con- 
ductors in  the  magnetic 
field.  The  alternate-current 
motor  rsiii'iit-  :ire  given 
for  positions  15  ikgrces 
apart  in  the  eight  ff)llowing 
(li,igram>  on  tlie  top  i-.\v. 
The  power-factor  is,  for  sim- 
plicity, assumed  to  be  unity. 
These  currents,  when  motor 
currents,  flow  ag.iin-t  the 
iiiilu'td  I-  M  l  -  (lilt  in  .1 
minority  of  caM^  it  will  be 
found  that  in  some  of  the 
conductors  the  currents  are 


)  as  a  continuous- current 
motor  only,  the  distribu- 
different  positions  of  the 
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flowing  with  the  e.m.f.a,  and  in  such  cases  they  are  gonerator  currents 
bringing  energy  into  the  electric  circuits.  Tiie  currents  follow  a  sine-law 
with  a  maximom  value  per  line  of  133J  amperes  and  a  minimum  value 
zero.    The  current  from  or  towards  any  ring  is  a  maximum  when  the  c.  ii 

connected  to  that  ring  is  under  a  brush. 

The  eight  diagrams  in  the  bottom  Ime  uivf  tho  results  of  superimpos- 
ing these  two  sets  of  currents,  and  they  should  be  studied  carefully  in 
detail.  One  or  two  simple  points  should  be  kept  in  mind,  e.g.  currents 
flowing  downwards  are  ci'nrr.itor  ciirrriits  absorbing  mechanical  energy 
from  the  driving  core,  whibt  currents  tlowmg  upwards  are  motor  currents 
giving  energy  to  the  core.  The  action  is  complicated,  and  the  parts  played 
by  a  particular  conductor  in  its  two  functions  of  a  current  cariiiT,  nl 
m  its  mechanical  actions  as  a  motor  or  generator  conductor,  are  continu- 
a!ly  changing.  The  cro-s  rc>-ult  is  that  the  energy  is  transferred  from 
the  slip  rings  to  the  brushes  with  a  small  percentage  of  loss  due  to  the 
usual  causes  of  electric,  magnetic,  and  mechanical  friction.  In  the 
diagrams  in  l  ie.  1.015  these  losses  have  been  neglected,  and  100  per  cent, 
efficiency  assumed. 

Armature  Reaclion. — A  further  examination  of  the  diagrams  of  Fig. 
1.015  shows  that  thi>  AX.  currt  nt  between  slip  ring>  and  the  C.c.  t  iirrent 
between  bru>lie>  Ii.ive  a  tendency  to  cancel  one  another  in  the  conductors 
with  a  var\ing  elii  et  ,k(  onlmg  to  the  jio-itioii  of  the  particular  conductor. 
E.\amined  more  closely,  it  will  bo  found  that  with  unity  power  factor  the 
armature  reaction  over  180  electrical  degrees  due  to  the  alternating  current, 
balances  the  armature  reaetion  due  to  the  C'liiiinuou^  current,  thus  soKing 
automatically  some  of  the  problems  of  commutation. 

If  the  A.c.  power  factor  be  not  unity  the  cancellation  of  the  two  effects 
is  not  so  perfect,  and  the  well-known  commutating  troubles  mav  develop. 
Sinuiltaneuu>ly  the  voltage  ratio  is  changed.  For  example,  by  over- 
exciting  the  field  it  is  possible  to  boost  up  tlie  c.c.  voltage  by  as  much 
as  5  per  cent.  The  result,  however,  is  that  a  leading  current  is  drawn 
from  the  a.c.  side,  the  power  factor  diminishes,  the  arniatu;  reactions  are 
not  balanced,  and  tin-  efticiency  of  the  machine  is  lowered.  It  is  there- 
fore better  to  obtain  the  increase  of  voltage,  if  required,  in  soms  other 
way. 

On  the  other  hand,  the  fact  that  a  rotary  can  thus  draw  a  leading 
current  may  be  used  with  advantage  to  counteract  the  effect  of  lagging 
currents  in  other  jiaits  of  the  supply  system,  and  in  this  way  raise  the 
efficiency  of  the  whole. 

Efficiency — The  most  important  of  the  losses  is  that  due  to  heat- 
ing, which  depends  on  the  mean  squa'  of  tlie  ninent-  ;  and  when  the 
diagrams  are  e.\amined  from  this  point  1 1  view  it  is  satisfactorj'  to  find 
that  the  energy  so  lost  is  less  than  in  the  case  of  a  continuous-current 


Heat  Losses  i«  Hotaiiies 


generate'-  of  similar  output.  The  calculation  is  not  an  easv  one.  but  the 
result  for  unity  power-factor,  as  given  by  Dr.  Tlionipson  in  the  above- 
quoted  paper,  is  that  the  heat  produced  in  the  rot.iry  under  full  load  is 
36  per  cf  It.  less  th.in  that  produci'd  in  tiie  roiituuious-curn  iit  qi-niT.itor. 

The  heat  losses  in  the  copper  circuits  at  lower  power  factors  tluin  unity 
,\re  not  quite  so  favonr.T.ble  to  the  rotary  converter.  Their  values,  as 
calculated  for  a  three-phase  rotary  by  Parshall  ami  Hobart.  are  given 
in  the  following  table  : — 


o'V 

the  comparison  in  each  rase  heint;  with  ,1  f  (  ,  i.'inii  i\itor  ni  tlu-  ~,inir  nuiiiut, 
and  an  erticiency  ot  100  per  cent,  beinc;  a--nnieil. 

On  tile  other  hand,  tlie  inlluencc  of  the  number  ot  phases  of  the  su[)ply 
is  very  marked,  and  may  be  most  strikingly  slinwn  by  stating  tlie  i>.K.,ib]e 
output  for  ditterent  ])!i,ase-  wliil-t  the  hiMtin-  of  the  armatun-  intiaiu- 
constant.  The  abme-nain.i!  writers  gi\o  the  following  figures  under 
conditions  similar  to  tho-e  ju  .t  named  : — 

Single-phase  supplj-,  output  o  8S  of  c.c.  generator 


Three-phase  ,,  ,,  i  ;s 

I-'our-ph.ise  ,,  ,,  ihj 

Six-phase  ,,  ,,  i-qS 

Twelve-phase  .  ,,  _> 


These  figures  alone,  without  othei  £,'ood  rea-ons,  might  be  taken  to  justify 
the  six-phase  supply  with  its  cumbrous  slip  rings  and  brush  gear.  Thev 
also  show  where  the  motor  converter  scores  a  point  over  the  rotarj'  con- 
verter, inasmuch  as  its  multiplication  of  phases  is  not  hampered  by  the 
mechanical  difficulty  and  by  the  cost  of  supplying  a  corresponding  number 
of  slip  rings  and  brushes. 

The  efficiency  of  a  fair-sized  rotary  converter  as  found  by  an  actual 
test  is  given  in  the  upper  curve  of  Fig.  1,016,  which  exhibits  the  results  of  a 
test  of  a  700-/c\v.  Westin^house  rotary  running  on  a  so-penod  circuit  and 
delivering  continuous-current  power  at  500  volts.  The  efficiency  rises  to 
nearly  92  per  cent,  at  quarter  load  and  is  fairly  high  down  to  one-eighth 
of  full  load.  From  half  I-.vi  up  to  25  p'-  rent,  overload  the  eflficiency 
rises  gradually  and  stcadilv  frim  05  5  to  (j;  per  cent. 

In  actual  practice  a  rotary  converter  has  to  be  used  witii  a  step-down 
static  transformer,  and  it  is  therefore  important  to  know  the  combined 
efficiency  of  the  two  transforming  plants.  This  is  given  fur  the  same  rotary 
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converter  in  the  lower  curve  of  Fig.  i,oi6,  which  follows  closely  the  shape 
of  the  other  curve,  the  clifferences  not  being  ver\-  great,  as  would  he  ex- 
pected in  view  of  the  high  efticiincy  of  the  static  transformer  referred  to 
on  fi,if,'f  ()Vi.  Ihus.  the  cttici.  iK  y  "(  the  r"inl)ined  set  at  25  per  cent, 
overld.id    that  's,  witii  an  output  of  iSjs  /.w.— is  95  per  cent. 


Testing. — The  testing  of  the  over-all  efficiency  of  a 


Kig.  1,016.- Kiricifiicy  Curves  „f ..  7-,;-X-«..  WeMintfhuuve  R.nary  Convener. 


UMi.il  pic-aMtiuiis  uiiirli  air  fiillv  flescribed  elsewhere— being  adopted. 
A  niiimte  analysis  of  tlie  separate  losses  is  seldom  required. 

A  machine  actually  under  test  is  sliowii  in  I'ig.  1,017.  It  i^  mounted, 
witii  its  -t.iiiiii-  Hint. 11,  ,,11  tlir  tr-t  ])l.it.'  in  thr  w..rks  in  which  it  h.x-  lieen 
bmlt.  in  thi-  e.i>f  the  St.Ufonl  workshops  of  .Mt-ssrs.  Siemens  Bros.  Dynamo 
Works,  Limitetl.  The  machine  is  a  six-phase  lotary  converter,  having  an 
output  at  full  load  of  j.ooo  /,\v.  at  j=;o  r.i' m.  ,,n  tiie  continuous-current 
»Kie  when  5uppliid  with  altrrnating  cuiiciUs  at  -'5  periods.    It  is  a  12- 


]»>\v  macliine,  and  is  i;,  ft.  G  in.  iunt;  l.y  i  ;  ft.  (.  in.  wi.l,-  !.\  i;  it  lii-li 
from  floor  level.  Tht>  fiijuri'  al-o  shows  tlie  n^M— arv  -tcp-duwn  ti,iii>. 
fnrinn-.  with  Ihi  ir  hi^ih-  ,m,l  low-v..ha-,-  t.  i  niii!,i!^ '.iii.l  cirrx  ins,-  tli.> 
. Ap.iiiM.m  t  iiik-  [mi-  t!ir  ml  Mipply  aUv.i.ly  d,-,  i ,1.,  .1       pai^r  ('u.;,  and 


illu-trat.d  diaKrammatically  in  Fig.  945.  The  tabli-  and  iK.ard  carrying 
tiic  tcstnig  instruments  are  shown  on  the  left-hand  sidi-. 


v.— KdT.VRV  CmNVI:RTF.R  \V(>RKIN(; 

TIk"  prohknis  presenting  themselves  in  the  operation  of  rntarv  r.,n- 
verters,  though  in  some  measur."  of  the  same  gen.r  d  kin<I  as  tlms.-  which 
arise  in  the  working  of  othrr  electrical  machinery  of  similar  tvix",  develop 
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ci'rtain  intercstim,'  wliiili  arc  ]>t'cnliar  to  the  sjH'cial  conditions. 

Some  of  these  problems  have  been  touched  upon  in  t!ie  j)recedin;;  section. 
Other  tlian  tliose  connecti'd  uitli  the  running  of  anv  machines,  they  may 
be  broadly  (hxidrd  into  X\\<>  ( la^^i  ~.  iianuh- :  li.i  tlir  --t.irtini,'  of  the 
machine,  and  (ii.)  the  regulation  ot  the  \oltagc  i>t  its  output. 

Before,  however,  dealincj  with  these  matters,  it  shotihl  he  premised 
that  I'v  far  tin'  laryc^t  >plicrc  lor  tln'  n-c  .il  rutarv  C(in\i  itrr>  at  present 
is  to  ciin\  i  rt  liiL;li-viiltai;i'  ahornate-current  pourr  to  cnmpar.itix  ( Iv  low- 
volt, i-i'  1  ..iitinuou— nun  lit  power.  This  is  due  to  tlic  Kk  I.  rUrwhcre 
explained,  that  for  lonf,'-distance  power  transmission  iiigh-voltatje  alter- 
nate currents  liav»'  been  found  to  bt-  tlie  most  economical.  On  the  other 
li.iiiil,  (•on)i),ir.iti\(  I\-  lo\v-'.d!t.i,L;c  i  MntinuoU'-curicnt  rln  tiir.d  pi'Wir  i> 
l)y  lar  the  more  convenient  for  many  purposes  in  the  ultimate  applications 
of  electricity  to  the  service  of  man.  So  much  is  this  the  case  that  some 
little  time  ai,'o  it  w.is  r.iii  iil.ilcd  that  'i.t  ])rr  cent,  of  thr  .Llti'matr-i  un nit 
clectric.d  ]io\vcr  Keneratcd  throiii;hout  tlic  world  wa-.  lu  lorc  tin.il  iuili>a- 
tion,  converted  into  continuous-current  jHWt  r.  It  is  here  that  the  lotary 
converter  comes  in,  but  becatise  of  the  fixed  relation  between  the  voltages 
on  its  slip  rings  and  the  voltage  on  its  continuous-current  bnishe^,  the 
Complete  coii\  cr>ion  c.mnot  br  i  lln  trd  witiiout  the  intri  ]>o~itir  m  of  >tcp 
down  st.Uic  tran>lormers  betwiin  the  high-voltage  alternate-current 
transmission  mains  .ind  the  slip  rings  of  the  rotary.  This  not  only  requires 
the  in-tallation  of  additional  an<l  <  o-tly  .apparatus,  but  also  complicates  the 
switciiiiig  ;.nd  rci^ul.itiiiL;  .in .iin^tnunts. 

A  subsidiary  um'  of  rot.iry  comcrtcrs  occurs  in  large  continuous-cur- 
rent gener.iting  stations  in  which  only  a  small  part  of  the  power  has  to 
be  transmitted  to  a  distance  beyond  the  limits  of  econoinical  continuous- 
<'urrent  tr  insmi>sii>n.  In  tins  cisc  rot.aics  are  nsid  t'  transform  .i  por- 
tion of  the  continuous-current  jKiwer  into  alternate-current  power,  which 
is  stepped-up  to  a  high  voltage  by  static  transformers,  transmitted  to 
a  distant  sub-station,  and  then  re-transf<irmed  into  contintions-cnrrent 
power  after  the  voltage  has  been  lowered  by  step-down  static  trans- 
formers. 

Starting  and  Paralleling.-  The  rotary  converter,  being  a  reversible 
machine,  may  be  started'  from  either  side,  pro\  ided  the  right  kind  of  elec- 
trical energy  is  av.iilalile.  P.y  far  the  simjiler  method,  wliic  h  w  ill  lie  dc-cnin  d 
first,  is  to  start  up  the  machine  from  the  continuous-current  side  ;  but  this 
method  is  frequently  inapplicable  in  modem  practice  owing  to  the  neces- 
sary continuous-current  ])ower  of  ])roper  voltage  not  being  available. 

Starting  from  the  Continuous-current  Side.— The  chief  prec.uuions 
to  be  taken  in  starting  from  the  continuous-current  side  are  those,  already 
fully  set  forth,  for  starting  large  continuous-current  motors.  There  arc,  in 
this  case,  however,  two  additional  points  to  be  borne  in  mind :  (i.)  that  the 
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nitiTn,ito-ciirr.-nt  in.iiii  swit.li  ■.h..ul.l  imt  l,..  imnl  ili,-  .ilt.in.ito- 

'iirivnt  vnlt.ii4.-<  M't  ii])  in  tlif  r.it.ii\-  .iiv  -vn.  In.  iu-.,.|  Lv  ,.iic  ot  the  u^ual 
iiu  tli.iilri  (s.v  ]K\in-<  ;(,;  to  41.;  </;;/,'i  v  nli  tli.-  \ . .It.i-.  -  u|  t lie  alt.  rn.it.'-ourRMit 
-iipplv  circuit,  and  (ii.)  that  wlirn  tlic  .ilf.ni.it.-inrnnt  ni.iin  switch  is 
■  l.-r.l  thf  (liivc  tiun  ...  !!ir  il.,\v  ..|  ,  i.;v  h,i~  t..  1m  k wi-.  ,!  C-,  i,,  t|,.it 
mMiiunt  tl;c  nnload...!  mtarv  \va-  .iiauni-  tlic  cnii:;\  i..imii.l  !..  niam- 
laM)  its  ini'titm  frmn  the  < .  .ntniiii  ms-curnnt  circuits;  l)nt  <in  the  dosnit; 
'■1  till'  altcrnatc-ciirri'nt  switch  thi- cntiniions.,  unt  nt  cin  uits  -\\.<m\A  In -in 
to  take  eneriiv  fmm  tlie  alternate-cm n  nt  ciioiits  thimuh  tli.'  Imi-ii.  .  ,,n 
the  cnininutator  <it  tlie  rotarw 

It  is,  of  course,  pos.il)!,..  by  can  luilv  a-ijustiui;  licM  .  x.  itati.in  .nml 
voltat;es.  to  pass  throut;li  the  transition  -t.iu'e  s.itclv  anil  .|mi  ilv  :  hut 
some  cni^inccis  pi,.!.-'-  th.it  t!ic  •  .  .ntmu.  .'i-.  m  i .  nt  .  ..im.  .  ti..ii  ~!,.iii!.l  ]»■ 
lirok.'U  hetore  tiic  ait.  iii.i!. -.  nin  iit  -uit.  !i  1-  and  th.if  l!ie  mt.irv 

-h.'iild  then  he  hi.iUL;!,!  un.i  r  Ivid  with  thr  n-u,d  pr.'c.iutions.  I'or  this 
purpose  a  special  switch  h.is  Ih-i'ii  d.-icn.-il  ni  whi.  h  thr  i  iiurnt  •■p-  vi'in:,' 
tiir  main  aiti-rnatc-cnrn-nt  ..il  s\vit,-||  ,,t  i,,,-,.  i,.tan-  tup-  t!ir  .  ..ntiini.m-- 
i-urr.iit  .  II.  nit  !ii,..ik..|  ,1  n  1,  ti.Mi  .'I  a  M^cnid  l..  t..:c  th.'  '<\\  -\\U'  \t  .  1..-.-.. 

liir  sn  itrlilioard  c.  .iin.vti,  ,ns  lor  startintr  lotaiirs  ironi  tlie  c  iniiiiuoiis- 
.airr'  lit  -id.'  ,ire  referred  to  in  the  cli.ij>trr  on  suh-stations. 

Starting-  from  the  Alternate  current  Side.   The  jmmM, m  .1  >t  inini; 

np  Ironi  t!ie  .dt.  rii.itr  ,  nM.  nt  -id.'  i-  ni..i.  .hiticnit,  .iiid  in..r,'  tli.in  ..ii.' 
ni..lh..d  IS  a\.nl  1!.!..  ;  ,  a.  li  in\..l\-.  -  ~p. ,  ial.  ..r  -p.'.  i.illv  ni..dified.  api)ar.itlis. 
and  tliis  ajijiaratus  is  usually  somewhat  costly  and  its  Uso  ii..t  Ir...  ir.nn 
ditticulties. 

111.-  I. .11. .Willi;  arc  til.'  .Ili.  I  iiLthods  which  lith.r  Ii.in.-  1..  .11,  ..r  are 
still,  n-f.l  l..r  startiivi^  rot.iru  s  tr..in  the  alternate-current  ^\>h- . 

(i.l  Hy  introducing  resistance  into  each  pliase.  to  he  reniov  .l  st,  p 
1>\  -t.  ji  .IS  the  rot  iry  comes  up  to  synchronism,  when  the  fi.  hl 

CII(  nits  .lie  i  ldsed. 

(ii.l  Hy  n-in^  t.qis  ..n  the  secondary  ..t  the  transf. .rnier.  Usu.illv  inter- 
pol.ited  between  the  m.iins  and  tl..'  lotaiw  l>\'  whiili  a  i..luccd 
voltaye.  increased  step  hv  stej),      .ipjilir.l  t..  th.-  -lip  ini-- 

(iii.)  I5v  111. Mils  of  ,1  -m.ill  iii.lii.  ti.  .11  iii..i.,i  on  ih,.  -h.ift  of  th.'  i.i.iiv, 
the  c.ip.icity  ot  this  r..,it..r  being  about  7  or  .S  per  cent,  ol  the 
full  I'l.id  of  the  rotarv. 

(iv.l  P>v  n-ini;  a  small  anxih.uv  -tartiii:,'  -.t,  1  ..11-i-tiiii;  ..f  .111  iiidi;.-- 
ti.>n  motor  and  a  c..ntinu..u-cuiient  dynamo,  tiie  l.itt.  r  iiaviiii; 
an  <.utput  equal  to  not  1>  -s  than  7  or  8  jxt  cent,  uf  the  full  load 
of  the  rotary.  With  the  continuous  current  s.)  obt.iiiie.l  th,- 
large  rotary  is  to  be  started  up  from  tlie  caitiiiiiou- airn  nt 
side  .IS  describe. 1  .di(.\e. 

Vi  these  methods  (i.)  is  cunibersome  and  costly,  and  is  now  practic- 
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t.tit  lip  uiH"  at  a 


ally  ah;iil(IunO(l,  wliil-t  (iv.'i  i-  i.nlv  c.  . .u, .mi.  il  in  a  lai 
tliiTf  ail'  >-c\cr.ii  let, 111.  -  \\!iu;li  it  i-^  .i.iv  ,int,iL;(oiH  t 
time.  a>  tviiiiiiid.  Kviii  then  startiiif;  icid-  have  to  In-  l)n)U«lit  froni 
each  lotai  v  tn  a  crntral  jHiint  at  wliicli  tiif  curri'nt  from  tlio  auxiliarv  sot 
is  avail. iM.  .  A-  tli.'  artii.il  nirtli.  il  i.|  -t.iitin-  tlir  lai\;c  m  i.  liinr  witli 
c<intiniiiMi~  (uiunt  lia>-  ju-t  luiii  (U-enlMil,  \\r  iwcd  imt  k.i  ii\iu  iiirtlicr 
di  tails  ht  H',  hut  pmcfcd  to  ron^iilcr  iiK'tliuds  (ii.i  and  (iii.), 

TriiHsjormcr  St.ittiiii;. -  'I'ln-  imtln.d  ot   -'artiiii,'         taps  fr,.ni  the 
secondary  of  the  transfornur-.  i<.  in  (tint,  a  iiKthod  of  >t,utini,'  under 
^  ri-duceil  Voltaue,  whii  ii 

'  <  We     have     Mrll  U~rd 

:  for  a  <intilai-  purjio-c 

'  ~'         '  1  in  othi  r  <  a-i  -.  ()p.i- 

of  till'  practical  di— 
a<lvanta!:i>    of  the 

lllitliod  w  til, It  the 
li.in^l.  iiiii  r  h.i^  to  he 
-p'  <  1 . .ii^t meted, 

w  liich  a(ld>  to  it:^  cost. 
Othcrwi-f  tlir  method 
1-  a  faiil\-  >iinp!r  on.-, 
riic  connection-  at 
the  tran-ifornier  n'-.- 
S'howii  dia^i.unm.itic- 
all\'  in  I'ii;.  I.oi,S,  troin 
wl  ich  it  will  lie  ^een 
th.it  in  practice  two 
extrn  conn.ction-  to 
(.11  li  ^11  onilarv  ot  the 
tr.iii'-fornier  are  ^utii- 
cit  nt.  In  thi<  diaerain 
t,;k.  11  dii.  i  tl\  t..  thi   C'lh  - 


ABC 

i:Tr:Twr4  jT^'^^^c  yP^rc:y-z 


Secoiid;irjtx. 


the  Irad-  I.  J,  ; 
spoiidiiiL:  ^lip  liiiL 


4.  5,  (■  at   tlir  h  .tt.illl 

■  of  t!i(  lot.irw  and  in  tin  niimini,'  ]i..-ition  are  c..niic.  ted 


.1  the 


indarirs,  the  connections 


tlirOUgh  to  tlir  -inula!  1\   IlUllllMTi  .1  (  lltl- 

to  I,  2,  and  ,1  hein^  dinct  without  the  interxiiition  of  the  two  throw- 
over  switches  X  and  Y,  throui:h  which  tlii'  startin;;  connections  to  4,  5. 
and  '1 

1  'r  starting,',  tiie  switches  x  and  v  are  tlirowa  on  to  the  upper  con- 
tacts a  and  b  respectively,  in  winch  case  the  taps  on  the  a,  b.  and  c  phases 
ne.iri--t  to  I,  aiul  ,ur  jcitud  to  the  slip  rin^r-  4.  s.  .md  (>.  When  the 
rotary  ha-  started  anil  -pirdrd  up  -nt'tuirntiv  -witi  li  \  i-  thrown  over 
on  to  It-  c.  or  lower.  cont.M  t-  t"  u  ln.  h  the  m  l  ond  tap-  are  joined.  When 
the  rotary  has  further  speeded  up,  the  switch  v  is  thrown  on  to  its  d,  io 


.V/-!.vr/.\  .  A'.';  , .V. 


1  iwi  i.  fiMitait'.  lurakiiii;  t  .>iiiin  tion-  with  tin  .ni.l  yiviiii;  the  rotary 

iuU  Vfltat:<'  nnil>r  \vlii<ii  it  cmhun  up  t"  >i'«<il. 

In  til'-  111. til. 1(1  it  -t.iitm-.  t!i.'  i..t,ii\.  uliil-t  111  111-  I'l.'U-lit  u\<  \n 
-jxnl,  1-.  .u  tliii;  .IS  an  iii.lu.  ti.iii  ini.t.'!,  in  wiii,  li  tin-  aiinatuir  i-  l!i<' 
niary,  .mil  thv  ilampiiii;  t  ii.  iiit  •  .11  tin  tiflil  jxilt  s  tli.  -.tr..ii.lai  \ .  ..r  -.|iiii  n  1- 
.,at,'c,  windim;.  'Hie  tiiiihud.  tlnriloir,  (-orn-jxHKls  to  tin  rciluicd  viiltaiic 
'in  thiiil  ('•i  f  jiai^f  7JI  (/  Ml/.)  Ill  staitin:,'  an  indii.  timi  ninti.r,  .md  is  adoj  li'd 
-iniiiar  na-mi-..  111  ]>l,i.  <-  i.l  thiMuin-  ..n  mil  \Mlt,iu.'.  W  'tli  tli/  \  uul 
taps  slmwn.  It  i^  claim. 'd  that  tlir  laix'i -t  iiilitiit  diawii  ti"iii  thi.'  mains 
iluiiin,'  starting  docs  not  fxi-ccd  half  tlif  tiill-loid  ■  nrriiil. 

N'.i  s\  ni  liioiii-in^  ni'>i~~.ii  \ .  Inn  thr  p  !,mi!\-  ..n  tl>'  ■  'ntiiiu  I'l-.- 
.'iiiriit  -idi'  i~  a  iiiatli  1  .'I  ill, 111.. ■,  .1-  It  (IrpiiiiU  ir.'.'ii  t!ii'  i  h.i-.  .-I  llu' 
.ilti  inatf  i-nrrciit  at  tln'  ni..mi  nt  winn  th.  11.  Id  -witili  1-  .!  ■.!.  w'.f  n 
tilt'  rotary  is  ninniii:;  with  thi'  u-nal  -mall  >lip  i  t  an  niil.  i.Ud  nnhu - 
tion  iiMtor.  Thi-  p.  lant\-  :nii-t.  thiriloii',  he  tc-tnl.  li\'  a  pi>laM-id 
\  'Itiiii  tri  or  ot hrrw  i-r.  hri.'ir  tin  iiMrliinr  i>  tlir  iwn  nii  t"  tin  1  iitnin- 
<in~-curifnt  l)U-l)a!>.  Ko  proxidr  l-.i  thr  lasr  ..|  it  htin^  i.'und  t.i  ho 
wroiit;,  a  tuld  ir\rr-in^  tin nw-i ivrr  -witih  i.-  usnallv  jirovidid,  and  is 
oi't'  ii  ti\rd  1  11  t'li'  \.  kr  ■  [  t'lr  iiia.  jiinr-.  I'hi'  <'i  - -ml  ^iLniip^i- 
l  ition  lit  tills  switrli,  liMW.Ai  r,  iv.|uiii's  <  ,nr  and  11. -t  a  liltl.'  pi.i.  ti.  r. 
A  'itili'  r.'ii-i(li'r,iti..ii  will  ^'i.'W  that  a  mi  ir  h  vii  .il  il  tin-  .  iim  . - 
til. lis  hrtwcin  the  lu  ll!  ti  rniiiials  and  tin-  Inush  trrniin.ils  will  not  do, 
ina^niuch  as  tlic  dirtrtioii  of  rotation  of  t!u'  iiKuhiiif  rtiii  iins  as  littoii-, 
and  a  rr\i'r>,il  I  lull  ili.iii.'ii'  i.~iilt-  in  a  rr\ii-.il  i>t  liiii-li  iM.ljiit\-, 
and  thi  Ti  ti'ir  a  1  i  -rr\ ris.il  .  .1  In  Id  il  tlii'  suitrh  r< mains  um  i.  What  is 
really  lucissary  i-  that  the  rotatini,'  .irniaturc  should  s!:f)  ,1  f^in,-.  for  it  nnist 
he  renirnihi  ii  il  tli.it  i  .t.itini;  ,it  -\ni  lif. 'ii  n-  -p.  .  .1  tli..  in.i-,ni  lii- 

field  of  the  r.'tatint,'  ai  iiiatni  r  "t  an  alti  t  ii.iti'  i  iirri  iil  Mi-i  al.  .r  or  in. 'tor  is 
fixed  in  sp.h\-  (mt  pat;e  30-;'.  <>n.'  111.  tl:..il  'if  nianii^nl.ition  is.  tlieri  tore,  to 
open  the  111  Id  >witi  h  ami  hold  it  opi  ii  lor  a  moment,  so  ih.d  tiie  .irin.i- 
tnre  niav  hecin  to  slip,  then  elose  it  in  the  i  ro>s,.,l  |)(>sition  before  the 
hni-ln-  ha\r  i|ilile  l..~t  the  wmie,;  p..laiil\',  l>iit  "iiK  li.'M  it  .l.i-ed  l..r  a 
inoincnt  ;  tiieii  open  it  .ii,'>iin,  keep  it  han^iiiL;  open  I'M  another  moment, 
and  tinally  close  in  the  original  or  runniiii,'  position. 

Another  w.iy  of  i^ettiiiL;  o\er  the  dittii  nll\-  in  whii  !i  tii 'd  I'.iiim  .  ii"n.- 
are  not  n  ver-ed  is  to  plaee  a  polaii-ed  \iilimetii  aii"--  tin-  hiii-lii  -  with 
the  tii'ld  -.^viteh  I'ju  n.  \\  lii  11  the  "..t.iiA  K  appr.  m.  Iiiiil;  -\  n.  In. .iii--m  the 
voltnu'ter  needle  oscillates,  at  tirst  qnii  klv  .md  tht  n  more  -lowly,  on  b.itli 
sides  of  the  zero.  When  the  shixvlv  nioviiii.;  needle  is  well  over  on  the  rit^ht 
side  till  lield  -witrh  is  clu-ed  illd  the  Held  llun  liuilt  with  the  ...iieet 
})o!.uitv.  Suj.'ji' i-illi.'.  h.owex  er.  that  the  p-.Liio.v-  l.ieei  ili".'.  -  revei-ed.  the 
field  switch  should  be  opened  to  allow  the  armature  to  "  -hp  a  pole  "  and 
then  closed.    But  if  the  brush  voltmeter  does  n(jt  indie.ite  the  correct 
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I-ol.  iitv.  th.  ~wit.  li  i;  (l  u.  i,(,Jii  s!i..ul,|  I.,  ,,|„i„,i  f,.i  ;i  moment,  throw- 
ing till-  lutaiy  i.ut  III  >t.i..  Dii  nil<.>iii|,'  tlu-  tuUl  switch,  -vnrhronism 
is  again  obtaint  d,  and  if  tlif  momont  of  roclosinfi  has  bttn  |>r(.|Hily  chosen 
the  polarity  will  now  be  correct.  Some  practice  is  required  to  Ik-  success- 
ful vnth  this  nitthnd. 

Thf  .  oiitiiiuMii-:  iiin  nt  lu.id.  it  slinnid  he  rcpoatid,  -linild  never  be 
put  on  until  the  polarity  ol  the  brushes  after  starting  ud  has  been  te-ted. 

Imiuition  Motor  S  tart  in  p.  ~Thi<.  metliod  primarilv  elves  tlie  n-ual 
precami.MH.  whirli  l,a\c  h.vii  <hM-n-,d  elMuhnv,  ol  ...itiiiL^  an  iiKhn  - 
tion  mot..,  under  load,  the  load  in  this  ,  a-e  heinK  cau>ed  bv"  the  inertu 
of  the  rot,ii\  .irmatnie.  A  xiniiTel-iatje  induction  motor  is  the  most 
convenient,  the  dant;.  r  in  using  it  being  disturbances  in  the  alternate- 
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rurn  nt  cin  nit^  dne  to  |,o-.m1,1,.  hu-r  ^tartin:,'  cumnts.  If  the  full  load  of 
the  lotaiv  1-  only  a  Muall  traction  ol  the  load  on  the  generating  station 
tlie  di-turbanct  will  not  be  serious,  but  if  the  rotarv  be  the  chief  part  of 
the  load  further  pree.mtion^  niav  1>,  nere.sirv.  and  a  wound  induction 
motf.r  with  sli|.  niiL;s  and  st.irtini,'  resistances  nni-t  be  used. 

This  nietiiod  ,,f  startin-  w.is  referred  to  in  the  historical  section  (Vol.  I 
pages  Ojo  to  (.41),  and  an  illustration  (Fig.  (.i>S),  taken  from  an  larlv  txpe 
of  machme.  was  given  of  the  s<iuirrel-cage  rotor  of  the  startc  r  on  the  sliatt 
of  the  .rniature  ,,t  tlie  rot.uv.  The  rotors  of  the  starting  motors,  thou.^h 
onlv  n-ed  ..cc.sionally,  have  to  work  under  somewhat  severe  conditions, 
and  should  therefore  l)e  strong  and  of  simple  design.  Experience  has  thus 
led  to  a  revival  of  the  simplest  ;ind  stnm.^-t  d.-i-.i  p-.s-ih!,.,  u^.-d  in 
some  very  earl>-  forms  of  induction  motors.  uanieK-,  a  cy  linder  ot  cast 
metal  smtably  mounted  on  the  shaft.    Such  a  rotor  on"  the  shaft  of  a 
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75«)-*\v.  rotarv  is  shown  in  Fig.  i.oii),  which  al-io  •  xhihit'*  the  r«)mph  te 
■iiinatiirf  "f  th<>  rMt.ii  v.  Tht-  ilhi^ti.itioii  i- i  ikiu  imiii  a  British  Thomstm- 
Ht)u--ti>ii  iiun  iiiiU'.    ?»iicli  a  rutiir  >liipulil  1m-  indr-tiiii  tiMc. 

It  th<'  indui'tinii  niotiu  ii-iil  .1  -iimIIi  1  immhii  cif  [v,.!,^  tli.m  tlip 
rotary  its  synchrimous  s-jH'td  will  he  higher  th.tu  that  of  tlu'  rotary,  and 
it  is  |)ossihlo  to  obtain  a  slip  sjM'ocl  from  it  wjual  to  or  greater  than  the 
-Mil  liiMiiMii-  -]Hi  (!  1.1  tin  t  'tarv.  To  adjust  the  slip  a  small  resistance  may 

111-   lll-(-|t"-il    111    IPlU-   ol  tlii- 

niotor 

Synrlirunisaticiii  i>  lu-i  (->• 
^ar\  in  tliis  ini'tliml,  ami 
\mI1  cn^uii-  that  tlit-  coii- 
tiiiuous  -  '  urri'nt  polarit\ 
conns  up  correctly.  If  the 
-tartin^  iiintdi-  is  ln-ini;  iiiii 
iil>  liiiin  till-  inam  liaii>- 
liiMuciv  till-  ~\ ill  hronisin^ 
can  be  dime  bi-twi-cn  two 
dianu-tral  riiiizs  (-av  r  aiii 
4  lit  l-ii;.  I, III  ;:  on  tin-  n  it.ii  \ 
and  the  tiiiiiinals  ot  the 
transformer.  This  will  be 
clear  liuiii  an  (.-x.miinatii'U 
ol  l  it;,  i.ojii.  (iir  which  the 
author  is  indt  hted  to  the 
British  We-tingiiouse  Co., 
and  in  whicli  the  synchro- 
scope connections  are  f^'iveii. 
The  starting  switcli  h  for 
the  induction  motor  has  two 
positions,  iianielv  ^t.irtin^ 
and  runninjL;,  and  in  tin- 
latter  an  adjustabh  resist- 
ance J  is  in  one  ol  tin-  pha-i-.  W'hrn  s\-nclironi-ni  is  attaiiieil  tin-  in.iiii 
switch  c  is  closed,  and  the  ^t,^l  tinl,'  and  >\  lu  hmni-iiii;  ^witcln--  a  am 
should  then  be  opened.  The  tield  rh-.(>>tat  r  is  next  .elju^ted  niitil  the 
projwr  continuous-current  voltage  is  obtained,  aiul  the  load  can  then  be 
taken  over  by  further  adjusting  the  rheostat. 

Ill  l-ii,'.  I.DJO  it  will  be  noticed  that  three  of  tin-  slip  riims  .ue  connected 
to  the  transformer  terminals  during  the  starting  operations,  and  one  of 
these  connecti»)ns  is  made  use  of  for  synclironi>iiig.  In  the  W'estinghouse 
scl/syiicliioin'si)!::;  niefliod  flu-  remainint:  thn^e  ■•][])  viui:<  .iie  al-o  joined 
up  to  the  tiansloiiicr  teiiiiinals,  but  with  the  st.itoi  coil-  of  the  indue- 
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f inn  Mintitr  inti  rpn,,  il 

in  whi.  Ii,  with  It. 
a-  jii-t  il.  v,  nlir.l.  I  iMtur  .■! 
sfliiirr.  I-.  a;,'.'  W  yv.  i>  i„,t  shown. 
startitiK  luntMr  li.ir,  jmu  ti.MlIv  inll 
fnw  imjx'd.inif  e,f  tlir  ann.ttiih  , 
n  iit  (Imwii  ti.,iii  \\i>-  111. nil-  11, ,  .1  II 
J'<'l>  -.  1  \i  ,       ;i>  |„  r  ( i  nt.  ,,t 


TliN  ni<  tliui!  is.Ii.ii;i,miin,ithMll\ 


attfct  the  ix.laritv  .>f  tlic  in.n^iirtK  .iiviiit-i  ■  f  th 


li"Uii  ni  i  ll;.  1,1  ji, 
I  -uit.  h  11  .  1..-,  ,1,  th,.  n.niiri  tii.iis  arc 
tile  niiliiitmii  iiiipii.r,  wliitii  i>  ul  tlic 
Wli.ii  swit.li  n  is  first  .L.s.d  t!i.- 
\-..it.iL;.'  ,1,  I,.--  ,f,  ,  |„  ,  .111-,'  ,,t  till- 
iK  ill  -.11,  .,  \Mt,h  thdii  :  l.tit  ilif  i  iir- 
t  \Mt!i  inai  hiiio  liaviiii;  iii,'lit  or  niorr 
■  td  .  iiiivnt.  and  till-  1-  iii-iiiii,  1.  i,t  to 


itNrn 


///*,• 

>'ig.  l,02I.-WfsliiiKhoUH,  ^clfs..:ij,r,,  n>i„c  M,-tlnd  , 


i"t.ii\  .    With  -ix-jHil,- 
"  "  liiiic  -  tlic  -.tartiii!,'  i  iir- 
I'lit   may   rise  to  50  |Kr 
••••nt.  of  the  liill-load  ( ur- 

I'  111.  111(1  to     ,i|  with  th.  ,,. 

'  'l-i  >    th.'    -111-1,'  ]>,,h.    tli  ld 

-witi  li  I  i>  providrtl.  'riu> 
-wilrli  11  i-  11,, I  ,;,  ,  ,.-sarv, 
lh.iii-h  It  1-  c!,-iial.h'. 

"Ml     -I. mini.;,    tile  li.'ld 
ih.'..-tat  ]•■  Ixint;  si  t  to  tlic 
i)o>iti,in  for  imnnal  vclt.iuc, 
the  !iii;!i-\  r.!i.ii;,'  ,„l  -wit.  h  .\ 
is  rl,.-,,l,  ail  ntlicr  >\\in!ii'S 
III  lilt;  o|M  ii  i-.Mi  pt  !■:  in  the 
I'asc  .'t  1,11-,'  iii.i.  iiin,,-.    ( III 
ilo^illt;    11.    ,,1    iv.ii    in  its 
il'sfiuf,  the  rotary  >tatts 
It  onci-  and  nins  up  to  -pt  i-d. 
\\  lien  tlio  rout imii 111— cur- 
'••"t  volt  ii;.-  I.,  -in-  t..  Iniild 
up,  till'  p.>l.iris,'il  v.iltinctfr 
I)  i-i  watclifd,  and  th.'  fi.'Id 
'  iiiniit  i-  adjii-ti'i!  1m  -.\,. 
is  th.-ii  il..si  d,  shoi  t-i  ill  iiit- 
md  till-  s\vit<  li  Ii  is 


normal  voltai;.'  or  -li-liilv  l.  ss.    Tli..  suit, 
in«  th.'  .-..il-  .,|  ,1,,.  -(,,,,„.  ,,,  ,,„.  „;,i,„.tj,,„  „„,,,„. 

"P-  M.d  01  n.,t  th.'  .,is,.  may  !„..  ju,.  ,'i,„inj,  .„  ,..,„^,,  ^ 
ciarrint.  as  tlu'  rotary  is  running  in  synchronism  with  its  lul.l  ;.,ljust..l 
llH'  machme  is  th.n  n^adv  to  l„-  paralleUd  with  other  machines  in  th.' 
usual  Way. 

()f  til.'  tin.'.'  m,'tho.ls  .l,-.rilH'.I,  the  last  is  the  simpl.-st.  bccat.se  no 
synchronism^  apparatus  is  „.,,mr.'.I  ;  th.'  -Nvitchin.  apparatus  i-  simple 
and  the  st.'Ttin^  .,p.ratio.,  ;,  w.  M,,i..,„,'i,  ui.'  s,.,ni„«  p,,iantv  om.-s 
up  ndit.  and  th,  line  s,,,nin^.  .-lun  nt  is  .null  ;  in  a.idition.  there  ,s  no 
sparking  at  th,'  l.ruslKs.    Th.  r..  is.  h..Mvv,r.  the  sta.t.n«  imluction  motor 
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whii  h  ailil-  In  tli<'  t  i«t  .1-  .  ..iii|>.in >1  \Mt!i  i  m  i!ir  !ii-t  in.  lli.  ■!  I  Lis 
l.itti  r  inctiK"!  li.is  thr  .li>,i(!v,iiit.n:r  ..|  h.  ,i\v   .m.!  .iiMuil.in- 

-l.tiliiiL;  Miiirni-,.  will,  ii  !i,,\r  tin-  imthrr  ili-.nK  .iiit.u'  t  l!^.  .mint 
l.i.-.ik.  i-  iiiii-t  !.r  M  l  I,,  ,,|i,ti  \Mtii  ,1  111-!,,  I  iiin  lit  til. 1,1  w  il.-ir.ililf. 
with  a  f.mMqii.  lit  Imiitatinii  ..t  III.  ii  .        ll\  t"  [.ft, .  t  the  nuirliinc, 

VoUagre  Regrulation.   A-  •  \|.i.i  i  ,,i„    :  ii,,. 

lianll'-.  ali.l.  ill  1,1.  t,  iIh.i.K  .iiit.i:;.  ,  ,.|  ti,,   i   '  n\  ...n\,:i.i       tlic  j.ia. - 

l.ltl..  wiiirh  .MM-  lMt«,,Il   th.    \,.|t.lU>'  ..I!   III.'  -lip  III!--  .ni.l 

ill.'  ii.|.nti,il  .liii.  Mil..'  I.I  t!i..  .•..iitiiiii..ii-i  iitntit  |.ni-'i.-.     lli.ir  aii  . 


0.  n 


/ 

A' 


ri.;^  !  K  1-11    k  t...)  A..  II.,,.-.,,. 

hnwov.r,  nnt!)>»l>  liv  wliicli  tlir  r.iti..  .mii  I..-  v.iiicd  within  <-.Tt.iiii  hmit^ 
which  arc  very  nair.>w  when  coini.,!!.  .i  wit!i  ili,  whI  \ mi i.iti..n-  i.f  alt.t- 
iiatc  ctirront  vultai;.'  i.ht.iiii.ihic  witli  -t.iti.-  ti,iii-i.  iin.  i- 


The  priiK-ii),il  iiiftli.i.l-  |.\  \\l!).  !i  -u,  !i  v.iri,iti..n-  .^i  i' 
hftwvtii  the  >lin  ri'ic^  ami  llio  I.iu-'.h-,  .md  the  withi  \ 
twftn  Ihr  liii,'h-vi.ltai;.'  -iiiM.lv  tn-nina!-  and  tlw  l>ni-!i.< 
may  In-  >iiTiim.iri-cil  a-  t..||..w-- 

(i  '  I'.v  til.'  ill-.  iti..n  (.1    .III  ,ilt  . 

-ill'  iin_'-  ,md  fill'  aini.itnr''       !!..•  r.'t.^rv. 
(II. •  1J\-  .iltrim-  the  di-triliiiti..ii  ..f  tli-  field  flUX  m 


'.'lit,!;;.'  i.itin 
'll.ii;r  rati  ■  l.c- 
.  ,111  I"-  i-ll. 


'  lit  booster  l  .  tw. 


the 


ot  the  iiicthr.d-  <it  fl..int:  tlii-  !>.  m..  t..  u-.  ,i  stilt  pole, 
(ill  1  Hv  altt-riiii,'  tlii.  |)<.-iti.in  ..(  tlic  brushes  "ii  th     Mtimr;!  it..r 
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(iv.)  B>  HiMrtini;  Mil  Induction  regulator  between  the  transformer 

and  tiif  slip  rin{;s. 
(v.)  By  intniducinp  reactance  Iwtwoen  the  transformer  and  th» 

slip  rings  or  into  the  transformer  its.  If. 
fi.)  Booster  Rraiihtion.—Thi'  first  m.  tlin,|  i.  „nv  of  the  oldest  devised  for 
draiiML;  witli  til.'  pn.hlem.it  haviiii,'  h.  .  n  u^.  l  in  the  Alioth "  Commutatrice 
Survolteuso  "  in  1S96.  long  before  the  modern  rotarv  was  d.  v.  l..p..d  In 
modem  machines  the  booster,  which  is  natnrallv  smaller  tluiii  file  main 
machine,  is  in..nnt,'d  .-n  fii,'  lu'.I-plat.'  ,.f  ti..'  n.taiv  an.l  i.,  in  la.  t  a  small 
alternator  witii  tix,  ,!  tul.i>.  liavini;  the  sam.'  nuini.er  of  poles  as  the  rotarv 
and  therefore  at  synciiron..us  speed  freneratiner  currents  of  the  periodicitv 
Of  the  supply  circuits.    An  example  has  ahva.lv  ii.vn  t;iv,n  ui  l-ii;.  r.oo; 
Another  example  of  the  combined  plant  is  ^'iv.  n  in  l-if;.  1,022,  which 

<l.  picts  a  >taii(la!d  Dtary  converter 
set  built  by  the  British  Thomson- 
Houston  Company.  The  set  is  de- 
>if,'iu-.I  to  i.'ive  an  output  of  250  kilo- 
watts    the  continuous-current  side  ; 

yf  I  j/  — \  \  ^^^^        rotary  and  the 

/    I  I       )  K      '^'"-t.i-  iiave  each  -In  pel,  ..  tl,t  svn- 

e!ni>n.ais  speed  is  500  k.i'.m.  when 
running  on  a  25-period  supply  circuit. 
The  annature  of  the  booster  is  w<mnd 
like  an  ordinary  continuous-current 
drum  armature,  with  p.)ints  60  elec- 
trical degrees  apart  connected  to  the 
slip  rings.  The  field  magnets  are 
separately  e.xcited.  and  by  altiiing  the  ex.  itati.  .n,  an.l  e\  en  r.  ver-in-  it 
the  ahernate-current  voltage  deliv.Te.l  t.,  the  armatur.-  of  the  i.,taryi 
and  ther.  t..r.-  th.'  .  ,.iitinu..ii-,  un.  nt  v..h,iu,  .,n  the  brushes,  can  be  either 
raised  or  l..wer.-.l  wilhm  the  limits  of  the  correspoiidini,'  voltai;.  - 
rated  by  tli<-  booster.  The  control  is  theref.^re  exercised  throuL;h'  tlic 
field  magnet  .  in  nit  of  th.'  hn,  ,>ti  r. 

The  p<,wer-t  iet..r  ..f  tii..  set  is  n..t  affected  bv  l..ad  or  voltage  wh.-n 
booster  control  ,s  empl.ive.l,  and  therefore  it  is  jwssible  to  run  with  unitv 
pow.  r-factor,  or  ev.  n  with  a  leading  current,  in  which  case  the  set  will 
act  as  a  /i//.(V-((r/;',(;;,-[T. 

J'"""  I'"'"'  "I  vi.-w  .:f  v..ltage  regulath  ii  ti:,.  method  is  higlilv 
succes>lul  ;  but  It  has  the  gr-at  disadvantages  that  it  increases  tlu  ,  ,,pn  ,1 
cost  of  the  rotarv,  and  necessarily  lowers  the  efhciencx-  of  tiie  wli..le 
madiMie. 

(ii.i  I'liix  or  Splii-pol,  /v'<-.'(//.,//<.«.— The  second  method  of  alterin-'-the 
voltage  ratio  bctwe,  a  the  slip  rings  and  the  brushe-^  by  altering  the  dis- 


.— Splil-iiuk  M 
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tributi.iii  of  tlif  tu  lil  in  the  pap  wa-i  alx)  early  remgni^ed  a«i  one  hy  whirl* 
some  slight  variations  init;ht  lie  eftccted.  In  iiiodcrn  mtaric-  it  i-  ai>pli.  d 
very  drastically  by  the  use  of  a  </>///  pi>l:,  \vlii<  li  is  sliown  ilia^r.iinniatic- 
ally  m  Fig.  i.oJ.',,  in  which  the  iron  i  .m  a-^  ot  a  machine  so  rc;;ulated  is 
depicted.  The  held  is  a  six-poU-  field.  Ixit  the  core  of  each  pole  is  in  two 
parts — the  main  core  and  an  auxiliary  core.  By  exritini;  the  latter  sepa- 
ratelv  it  can  hv  giv.Mi  anv  stn  iiuth.  -]-  or  —  .  rditiv  i  to  the  main 
tlux,  and  tlie  continiioii-cunt  nt  voltage  will  depend  upon  tlie  iirithmctic 
sum  of  the  flu.ves  nwr  anv  complete  polar  span.  The 
voltages  between  the  slip  rings,  however,  depend  (ajurt 
from  current  retardation  drop)  upon  the  vector  sum  ol 
the  K.M.F.s  in  the  armature  conductors,  the  magm 
tude  of  the  vector  of  any  particular  conductor  depeiul- 
it  S  upon  the  flux  it  is  cutting  at  the  moment,  and  its»t,^ 
vectorial  angle  di'pi-nding  on  its  pdsition  in  the  polar 
t;ap.  If  we  were  dealing  with  sini;!i-phase  currents 
(two  shp  rings)  the  relative  effects  would  be  as  shown 
in  the  vector  diagram  of  Fig.  1,0^4,  in  which  it  i- 
assumed  that  the  maximum  tlux  of  th.-  main  |>ol.-  i- 
siK  times  tiiat  of  tlie  auxih.irv  pole  In  tin-  diagram 
OM  represents  the  flux  of  the  main  pole  and  .m;h  that 
of  the  auxiliari',  the  e.m.f.s  in  the  conductors  beii",- 
jnoportional  to  tlicsr  Hum-.  I'ur  the  r(  nitimious-cui - 
relit  blushes  (current  retardation  dn>y>  being  neglci  tetl) 
the  effect  of  exciting  the  auxiliary  pole  to  its  maximum 
is  to  give  a  potential  (htference  corresponding  to  tlic 
flux  represented  by  either  o»»/,  or  inn.,,  according  as  tlic 
auxiliai\  lliix  i^  -|-  ■  or  — •  .  For  the  alternate-current 
slip  rings,  with  the  auxiliary  pole,  as  in  Fig,  1,022,  70 
degrees  (clectricali  from  the  main  ]iole,  tin-  r.M.r. 
cau-ed  tliei' by  i^  cilht  I  M;;;'  or  y\in  .  a(  (  ordinL;  a-  tlir 
excitation  1-  -|-  or  — '.  The  ma.\imum  1  .M.i  . 
l>etween  the  slip  rings  will  therefore  be  om'  in  the  one 
case  and  om  in  the  other,  and  the  ilitirKiKc  ImIwhii 
these  is  much  less  th.iii  tlic  ditii  rnicc  bi  twn  11  ><iii^  ,iiid  < 


II  th. 


.iiii;li 

m.,y\m  were  ne.in  r  00  il.  -iv.-,,  the  alternate-cui  1  ,m  (liiiriciiM-  w.nild  be 
less.  This  proves  that  a  much  greater  etfect  can  be  ]irodui('d  on  the  con- 
tinuous-current side  than  on  the  alternate-current  side,  and  that  with  the 
alternate-ciureiit  \oltai;i' hrld  r..ii-t,iin  tin- ,  ,.iiiinnMU--i  nin  ni  voitaui- can 
be  varied  tliidugh  an  appieci.ililc  amount.  I'lie  nie.i^ured  voltage  of  the 
slip  rings  would  be  calculated  from  or  ow'  ,  divided  by  ^'z  for  a 
sine-wa\e  law. 

The  analysis  for  a  six-phaM   supjilv  is  more  coniiihi  ati  il  ;    l>ut  tht 
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general  result  is  th.^  same,  and  is  proved  to  be  correct  by  actual  measure- 
mcnts  of  tlie  voltajies. 

An  .Mual  tield-nia«net  with  its  poles  so  divided,  and  also  provided 
with  cununutatins  poles,  is  shown  in  Fig.  i.ojs.  The  uv.v^nvt  is  -hown 
fully  wound,  and  the  figure  also  shows  verv  cleailv  the  danipniL'  .jrKls 
on  the  main  pole  faces.    The  details  of  the  connections  of  the  coils  are 


FL.         -Fid,!  M..;„«.  of  ^;,|„.,,oIe  ll.r..ll.  K  ,u,y  >vl,h  C,,,,,.,.,,,.,  p,,',.,. 

t^uTI;  ^^'^en  from  a  lour-pole  machine 

b.nk  In  ti,o  I'.ntish  Thomson-Houston  Company  to  run  at  7,0  rpm 
on  J5-j)eri<i(l  lirouits.  "  /j      •  ••  • 

It  i>  ,l.,inu,l  l,v  the  British  Thomson-Houston  Cmpanv  that  the  -i.kl 
can  be  m,  de^isned  that  the  sine-w.nv  , ..n.liti,.,,  i,  fnh.lled.  and  that 
here  ore.  h.Kher  harmunics  winch  ,ni«ht  cuse  dt>t.nbances  are  not 
introduced.    I  mfy  power-factor  can  also  be  easiU  secured. 
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On  tlic  <it!i.  !  li.iml,  thi;  luctluMi  load-  to  1 . .innnitatins  and  otluT  ditti- 
cultios  if  applif.i  to  laif,'o  rotaru--.  and  on  liixli-lrctim-nrv  circuits.  It 
apjx'ars  so  far  only  to  haw  hti-n  applied  to  rotaric-  up  to  J5o-t\v.  and 

t'l  fri'(iuinri( n.tt  r\.  r.  diii-  .'s  |M  ri."k,  I;,  tji,  ,,.  ,  ,i-r-  .1  js  imt. 
v.)ltai^c  wtii.uiou  li.i-  brt  n  att.unnl  -u,  i  t  --iull\'  without  tiir  u>c  ol  a 
booster. 

(iii.)  Ih-ifih-'-liiftiiv^  l\,  ::itLil:i  i:.  <  >n  tli.  1  ■  .nt,,,,!, , „,..  ,, rn  nt  -■  ]>•  tiic 
inaxitnum  i)otc!itial  diCcr.-m  .■  Imiwitii  t!ic  l>iu~lie-  1-  ol.t  nii.  .!  wli-n  tli. 
liru-lics  arr  in  the  ni'Utr.il  p^-ition.  and  the  potential  dillM.  iu.  I.JU  wiirn 
the  brushes  are  rocked  troin  thi>  position.  I'roni  wliat  ha-  been  -aid  ni 
jip'vious  chapters  it  will  be  under-tofid  that  if  the  bru-he-  are  rocked 
\<iy  far  from  tlie  neutral  po-iti..!i-,  f  obtain  ,1  -ui-.t.iiiti,i]l\  l^wer 

p.itrntial  dlllrrelice.  dirticultie-  o!  couunutation  wiil  be  eni  oiniteied.  and 
Iliat  for  a  forward  lead  on  liyht  loa<K.  if  the  brushes  are  under  t!ie  main 
j)ok'  tip,  there  will  lie  he.i\\-  1  ircuiatini;  curieiil-         li  wi'.l  ti.  u!']^  . 

even  thoufih  the  sparkuii;  may  not  be  >eri..u-.  ll  1-  well,  thrn  l,  le,  n^t 
t  1  (!t  jiend  cm  tliis  method  if  a  serious  alteration  of  potential  different  e  is 
desired. 

(iv.)  Iiuiiiclion  Rt!;iiliitinit. — Tlii    "ethod  of  retrnlation  con^i-t'-  in  in- 
-ertiuf,' between  the  si(  p-dow  n  f- ,         -'er  and  the  -.li]>  rin^s  an 
rii,'((/,/.'('r.  such  a>  is  (U>(  ribed  in   '  ler  on  the  static  tran-lorinei  .    mu '1 

a  ref^'ulator,  which  is  a  variabl  static  transformer  with  a  -.coiid.trv 

which  can  be  set  in  different  ti-,  cut  (ither  i,ii-e  or  depii'--  the 

voltatre  of  the  le.ids  on  which  it  i-  pl.e  e,l.  l  or  iii-t.iui  e,  it  ,111  be  dt  -uned 
to  alter  the  \,.ltat;e  up  or  down  o\er  a  ran,i,'e  of  10  pu  cent,  in  either 
direction,  that  i--  jo  jur  cent,  in  all.  it  acts  upon  each  phase  separateh-. 
and,  as  may  be  i,'.ithered  from  the  description  of  the  three-pha-e  leijul.itor 
on  pai^e  130J.  it  i-  a  c  ompli.Mti  d  and  costly  ])ie,,,.|  ,1  ] .]  ..ir.ilu-  when  it 
ha-'  to  deal  with  si\  )ili,i-e-  in-te.id  ot  three.  In  l.e  t.  1. 11  the  -allle  lanue 
of  rei;iilation.  it  co>ts  more  than  a  b(M.>ter  in  a  yixt  ii  ca-e.  and  there- 
fore tlie  latter  is  n-uall\  pi<  ft  iied.    It-  11-1  ,  liki  that  of  the  booster,  leave'^ 

the  p  >Wer-facti'r  illdrpendelU  ol  lo  id  .ill'i  \olt.mi'. 

|\-.;  A'(-ji /.(;;. :  A'.  ;•;//,//;.■.;;.  -Tlii^  method,  which  iiil;i"|u,e-  le.irt.inci- 
«r  chokin;,'  coil-  on  tlie  alternate-current  siile,  was  al-o  lailv  recoi^nised  as 
a  method  by  which  the  voltai^e  of  a  rotarv  could  be  leynl.ited. 

.\-  e\i)l.iine<l  el-ewliere  (siV  paL;e  iKt"..  tii-  p^wi  1  1  m  Ini  ,,1  the  ,dt(  1 11:0  - 
current  power  recei\ed  from  constant  \olt.iL;e  altei  n.ite-curn  iil  main-  b\  .1 
rotarv  converter  dept-nds  on  its  field  excitation.  With  a  certain  excitation 
the  powei-fartor  is  tmitv  (0  =  0,  ,ind  the  .uirent  i-  in  ph.i-e  witii  th( 
Volta;,'e.  Jf  the  field  be  wi  ak(  lied  b(  I  w  thl-  wdue  tin  i^iUK  lil  ab-"i  brd 
by  the  rotary  is  a  lafiginp  current,  wl,(  ir,i-  if  the  field  be  strenctheiied 
the  current  is  a  leadin?  current.  In  the  former  ca-e  reactance  in  either 
of  the  positicn«-  indicated  above  {.w  (v.i  page  :ou2i  will  lower  t!ii  \  (iltai,'e  at 
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tlic  slip  rings,  and  in  the  latter  case  will  raise  it,  and  the  continuous-current 
voltape  will  follow  these  chanijes. 

riic  -.impl,'  vector  (lia«rams  in  FIk-.  to  i.,a8,  puWished  by  the 

British  Tlioins(;n-Hou>t.)n  Company,  show  how  the  changes  in  the  i-ha^e  of 
the  current  lead  to  these  results.  In  each  diagram  the  vector  o  p  <i  con- 
stant l.  ngtli  ivpn-.  nt-  tli,  r,.n~t,mt  vnltai^e  supplied  hv  the  hit;h-voltage 
inanis,  and  tl,e  vert,,r  <.t  reiMVMnts  tlie  current,  assumed  constant, 
supplied  to  the  -lip  rings.  Tlie  react;iiice  voltage  o  R,  drawn  to  an  appro- 
priate .scale,  IS  always  at  right  angl.s  \  >  and  lagging  on  .>,.  If  ii,,w 
m  Fig.  i.oi6.  oc  lags  on  the  slip-ring  volt.ige  ..s,  thi.  voltage  wliicli 
IS  tlie  v.rtor  siun  of  o  r  and  o  p,  is  necessarily  Fess  than  o  p,  since  the 
angle  i- o  k  is  obtuse.  The  same  remark  applies  to  Fig.  i.oj;,  wliere 
with  unity  pfnver-factor.  oc  and  »)  s  are  in  phase,  but  in  this'.  the 
difference  bctwe^-n  op  and  os  is  not  v,  rv  gn.it  ;  it  npn-ent^  the  drop 

in  volts  due  to  introtlucing  a  react- 
ance into  the  circuit  when  the  con- 
ditions .ire  norni.d.  In  I"ig.  i.ojS, 
1-  a  liMdiiiLj  l  urn  nt,  and.  if  the 
lead  he  great  enough,  the  angle  PO  R 
is  >o  far  reduced  that  us  is  ner,s- 
s,irily  greater  than  o  p.  In  all  >ucli 
ea-.  -,  tin.  v..itage  at  the  >Hp  rings  is 
r.ust  d  and  tlie  necessary  rejjulation  is 
obtained. 

A   nii-thod   of    introducing  the 
n^■l■^■^^.ny  leact.iiKf,  which  IS  siinjjler 
larate  choking  coils,  is  to  design 


^1B.  i,uj6.  Kig.  i,oj7.  Klj.  I.0.-3. 

Vector  DiasraiiK  of  Rcicnnce  Regubtion. 


id  Ic 


C(Ktl\-  th.in  the  ii|-..\i-ion  ,,t 


he  >tep-down  tianslornier  with  a  high  reactance-that  is.  with  a  greater 
leakage  Held  than  is  usual.     This  involves  verv  little  increase  of  co<t 
and  practicallv  no  decre,,-c  in  the  ethci.ncv  ,.1  the  tran-for„u.r. 

The  objection  to  the  nu  ti.od  is  that  its  u>e  involves  a  change  of  power- 
ac  ,,r  as  well  as  change  of  x„ltage.  In  commercial  serxncc,  however  the 
high  voltage  IS  usually  required  when  the  lo.ul  is  hcavx-,  .u,d  in  this  ca.e 
the  ,v>wer-factor  ,s  a  leading  one,  winch  may  be  advantageous  on  the  whole 
'■"■'"'■'•ted  s^-te„,  At  l,gl,t  loads  when  the  ,x.wer-factor  is  lagging 
the  smallne<>  of  the  loa.i  tends  to  make  it  unimportant. 

Hig-h-voltagre  RotarieS.-The  .lemands  alreadv  re,<.rde,l  and  which 

cTrr'n7  rr'I  r"  ''"'^  '  ''-'I't.  -  f..r  the  supplv  o.  com.nuous 

currents  at  higher  an.l  ln,l„ ,  voltages  have  led  to  tlJ  close  studv  of  the 
proWem  ui  constructing  .ot.nus  which  can  safelv  deliver  currents  at 

offered.  The  mam  dilhcult>  to  prevent  Hashing  over  at  the  brushes 
when  short  circuits  or  sudden  changes     load  occur.   Very  careful  design 
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•t  tlif  (  i.inmtit.itin;;  pul.s  My-  but  i-.n(it  siitliiicnt  Ixr.iiiM-  of  thr  r.ipiditv 
with  which  tlio  troubk-  ikvil<)i.>.  In  conjunction,  ImwiViT,  with  IukIi- 
-{H'l'd  circuit-breakers  operatini,'  in  ,1  ,th  <if  a  second  and  with  siucial 
iMirii  i^  and  arc  (nu  iirhini,'  -cir.  ii-.  tiitr.l  \\\,-  \n\\A\  -]>ini!lc>  the 
iu  cc»dry  jautcciion  has  h.  i  n  Mvnn  tl,  ami  cnnvtT>ion  at  1,500  volts  has 
been  successfnlly  accomplished  with  larRe  machines.  Lack  of  space  does 
not  allow  us  to  pnr-ue  the  subjec  t  fnrtli.  r  or  L;ive  detail  ■  lu  re. 

Inverted  Running*,  It  has  been  iiientii'n.d  above  (v.v  pa;;e  (|()4)  that 
there  are  cases  in  which  a  rotary  converter  can  be  advantaReously  used 


Fig.  i.osj.— Weilinghottit  KoUry  with  bgoiter  and  Staniag  Motor,  and  whb  Separate  Exciter 
for  "  Inverted  Runnini;. 


to  convert  C.C.  power  into  .\.c.  power.  This  method  of  usinj;  the  machi.  "s 
is  known  as  "  inverted  ruhiiiiii;." 

.Mtliout;!!  the  rotary  converter  is  a  reversible  machine,  the  jiractical 
conditions  of  working,  and  therefore  the  methwls  of  control,  depend  upon 
the  kind  of  power  sujiplied.  If  a.v  .  power  be  -iiijiilird  the  machine  is  ;in 
A.C.  motor  and  a  C.c.  synchrumnH  j^enerator,  with  its  speed  fixed  by  tiie 
periodicity  of  the  supply  current  ;  but  if  ex.  jKAver  be  supplied,  it  is  a 
C.C.  motor  and  an  A.c.  generator,  and  the  speed  is  not  so  controlled. 

The  result  is  that  if  from  any  cause  the  speed  of  the  machine  changes, 
tlie  periodicitv  of  the  alternate  currents  i,'enerate(l  will  be  cli.intjrd,  and 
witii  it  the  >i)eed  of  any  A.c.  motors  to  which  current  is  being  supplied. 
Now  an  inductive  load  of  A.c.  motors  or  transformers  will  draw  a  lagging 
current  \\'>\\\  the  generator,  and  such  a  current,  as  we  have  seen  above, 
will  tend  to  demagnetise  the  held  magnets,  and  with  the  held  so  weakene<l 
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tl.o  ,ru>tor  will  .n.l  „.,.  „,„.,..  ,,. 

Ilir  ra-r  iM,l.,;.t,,l  iiiav  ari<,-  quite  sudd.'niv  Lv  even  i  small 

us    a  d  ua-..,„,.l,..i  sct>an,tc  cxaUr  with  a  shunt-wound  unsuurated 

.1.  -  that  .f  the  rotarv  speeds  up  the  volta^^e  of  the  exciter,  ancl  ou 
put  ol  currm  to  the  held,  nf  ,1„.       „„,,„„,  am  ideral  Iv  t"  e 

,  ,         I.  "It       I  he  other  method  is  to  add  a  scries  u-indh„  u,  the  fid.l 

tl,.'   utary  so  that  any  increase  in  the  e,.„tinn,m.  e„     u  e  u.^ed 
heavy  la.wiHK  currents  on  the  a.c.  side  .tre>r'tl.ens  tl„.       i  i 
n...  ..v  e„untera..t.  ,he  tende-.v  f,,,-  the L;^:"^;';  p:^ 
ex, .  e, .  _  however,  n  ,na,ns  the  chief  controlling  influence.  ' 

A  l.ntish  We^tinKhouse  rotary  converter  fitted  with  an  ex.  iter  for 
nuerted  runnniK  is  shown  i„  J-i,..  i  o.,,     Tl.    exciter  is  \ 
end  of  tho  <hiff  fi      .1  1.  •        r  Is  fitted  at  the  c.c. 

rnci  ot  the  shaft,  the  otiur  end  l.enig  htted  with  an  .a.c.  starting  motor 
or  the  UM.a)  ,netl„.d  „t  r.nuung.  The  machine  is  also  pn  v  S  wTt  . 
booster,  uhuh  for  nuerted  running  can  be  used  to  re-nht  t 

'V/'""-^  '"•  '■""■»"^'  ^^ith  A.C.  generatr'rs  the 

excte,  mav  1.  d..pe,we.l  wuh  for  reasons  which  will  be  apparent 

Turbo-rotary  Working.-The  difficulties  of  collecti  '  i    v^-  c,.„ 


ormers  need  I.e  ,„,erp,.ed,  a.  the  alternat'r  can  he  de.i^^  d 
rc<,u.red  volta,..  t„  the  totary  slip-rin,.    It      oft,  „  /J  , 

u~e  „ans^,nn,  r-  and  generate  at  a  fairlv  hi,h  volt,         J„  ',le  th 

rotary  will  run  at  a  comi>anti\ ,  K-  !,,«  i       i  . 

continuous  currents  ca^be  ,  1?  ^^'l""'^"'  '^'^^^-V 

,.,>,i\  i,,|i,aed  lr,.,u  Its  large  commutator. 

Vr.     MoroK  COXM  Kll  k- 

ncnditur..  .„,!  7  •      '  ^'^■-"'"'fe'      increased  capital  ex- 

penditure and  to  complications  m  the  switching  and  regulating.    In  f.ct. 
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iinloss  the  A.r.  v..ItaL,'>>  .nrro^]' 'inl  to  l\u-  i-.r.  v.  lt.i!;!',  ,m  a.c. 

transformer  imi-t  Ik-  iiui  rp.>-((l. 

The  motiir  rom  ,  rt(  r,  \v!iil-f  I'liiii,'  at  a  .li-ndvnnt.ij^c  in  con-i-lini; 
<■{  t\v'>  m.h  hill.  \\,r  .i.lvaiil.r_:r  tliat  tin  -tat..r  can  l>i'  .iinctlv  -^witrlicil 

on  to  till'  !iiuh-\.  supjily  ni.un-.  tin  ri'  ht  ini,'  im  condm  tini;  i-i>nniTtii)n 
hotwcrn  tlio  commiitatnr  of   tlu'  inntinti.'U-;-! mront  arniaturo  ami  the 

;  i  .1  •  \  til.   i nilii'  ; n  !>!•  'I'  v. 

Diagram  of  Connections.  !  priu.  ii.l,.  (,f  tL,.  ni.i.  hinr  ]m~  ahvady 
been  explained  in  Vul.  I.,  and  an  elementary  diaijram  (Fii^.  tm,)  given 

C7C  i^-jpr.'^. 


i 


ul  the  eonne.tions.  A  iii-re  .,.nij)hte  (ha-,ram  of  the  .onneetions  of  a 
modem  Peebles  motor  converter  i>  ^-ivi  n  in  I'itr.  i,o',o.  ]".ir  ^implii  it\  the 
machines  -hown  dia-rainmatirallv  ai.-  M.mlar  nia.  iiine<,  th<'iiL!i  in  tn  il 
jirarti.  e  ,  .Mi-ideratmn-,  fre.iuen.  v  a-id  ~pclm1  n.vi..~~itate  the  w-  ot 
inuliii".I  ir  nia<  hiiu  -.  Tlie  -^tator  of  the  iiidu.  tion  motor,  which  receives 
the  hi.^h-voltase  alternate  current  sujipli-  !,  i,  reprv  .  iitd  liv  tl.i.  •  -!ai- 
ronnected  windins::;.  and  the  rotor  In"  rwvhv  ciU.  nunilxiv.l  i  ;..  i_>. 
wlii.-h  in  tlie  hip..lar  rotaii.i-  ihid  ^,.t  iii>  |,v  the  stator  will  t,'ive  a  tw.  Ki- 
jiha^e  current  to  the  rotor  of  ilie  coupled  c,,iitinuons-current  ma<  hine.  The 
K.nnet  lions  l)et\veen  tlie  two  rotors  are,  it  will  l,e  remenib>Ted.  made 
direct  eitlicr  alon-  nr  tlir-iiJi  th.'  -Ii.^ft  wiilaMit  the  int.  r\ .  nt !•  ii  of  dii^ 
rings,  tliu-  .iillerin,;,'  from  a  "  roMrv  "  Mii>}>ii,d  ii„m  a  -tatic  tr.in-former 
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till'  Wlinl,.  lu,  i\,   ,  ,,||, 

As  cxjilaiucil  ill 
niiinbrr  of  puK-^  tli.'  pr. 
fro(iiuii<-\-  ,,t  th.-  Hijipl- 


w.t     ,  ,,,,„,  ,  „„,.,p„,„  ,,  to  vvl,i,  l,  aII„>ion  is  ma.lo  later.    The  carcass 

fa.nt  line.,  an.l  appears  as  hav,,,.-        nun,  ,u,.i  ,u,.  cmpuut.ting  .aia-ut 

1-les  projecting  n,w,,ni,  ,„„„  ,  „„,„„  ,..,1..  ,i„..    Onh  the  wind  n^s 

nn    h.-  connnnt..,,.,  p.,...    ar.  n,,,., ......  in        .,i,.«ram.  tlJ  ^'ZS 

n        ..    .       .  the  brusJu..  an.l  -  arrvin.  the  main  current,  wl.i.h 

.  t  .  I..,  tl.o  rc.n,nn.,„„-,„nv„t  ,„„,.„.     ll„.  „uin  excitation  would 

Ih-!.u,,.nM!M..  i,,;,„         .1,.,,,        ^,,„.j.,^  arrangements,  which 

r  M>tan.o  bemg  pnt  m  >ene.  with  ...iK.  i,  .  ,„„i  „       .j.,.  ,,„„. 

.1.    nb,.I  late,  I..  ,I„.  .v  „,  I,r.„„M„.  v„h,nae.  .  the  resistance  is  cut  out  and 

>t.ir-.-..ii,i,.,  te,l  by  the  short-circuitiii-  phii;  p. 
F  .  II  ilie  tuu  -t,,tMi~  aiv  w,nmd  fur  i!„.  -.,,iiie 
'■1  >M!'  hn.ia.ii-  >pre.l  i,  that  tixe.l  l.y  half  the 

•    ,,     .    ,  -^t  thi>  speed  tliere  is  v>  per  cent  ';lin 

>  I..'  n,.h.t„,a  ,u,.t,n-,  and  h.dt-hv.uenov  current,  .  .if  in 
.  .these  currents  w,ll  be  ef  the  ri.uht  fre.p.en.  v  „,  1,„  pi,ked  up 
In  the  n.tary  eonverier  a.  ,,,,,..  ,„  „„.  ,.„n,uu.u„-:,  ,„,,.„,  annature  and 
-    be  re, ;t,„ed  at  us  l,r,.h...  b.„.,  .nperin,.,.ed  on  the  ot;:;';';;;^::^ 

pi.  in     i'  '""If' ^'""^  "'^  mc.  hauKal 

e    h  r'     t,  """""""  tnmsmitPd  bv 

he  shaft  to  th.e  cnntnH..,„s-.  urrent  „rPa.„nr,  .     iiu..  aj.pro.ximatelv  h  d£ 
he  po^ver  tr,,n.„„„.,l  t.  th.  continuous.,.,,,,,,  lo,.d  ri-hes  the  arma 
Uu^o  eeetncaliy,  and  hal,  reaches  it  mechanicallv,  .lue  ,d  ,.a^e 
made  for  the  usual  uaa^■oidab^.  fri.tional.  electrieal,  a„d  ,na.,u„e  l'"^ 
Hru!    P   f!"'''  Machines.    Tl„    ,na,  hine.  whi,  h  a,v  Imilt  bv  Messrs.' 
nue  I'..,.  ,1,    a,M  .      „,  l,in,h,„-,i,  fall  into  two  ela^-e,,  namelv  ,i  ) 

yh  ch  a  thinl  bcann,  ■nt,„d,Ked  l>etween  the  two  ,„tor..  It  „  obJois 
V  cu ,  b,u  cannot  be  apphed  to  very  large  UKKhn.e.  n,  which  the'  we,.hts 

tduin,:;:;'":;! ,,r^^  ^'■"'■'■^        "--^ >• 

A  two-lHMnn^  i,n„-pole  motor  converter  is  shown  m  l-ig.  i  o  ;i     j,  „ 

u  Z  i:  t       '""r""^-  ^"'^  -PPl-^  -t'^  mai,t:iine  nurel 

5u  penods  per  second  runs  at  a  .sncd  of  -v.  k    m      I-  i    .1  i  7 

:,'r-""r  -  -  ^'^^  -  3-  -t"- ;;: : 

Pui.kN  ,nto  euntuu„„.,c„„,;t  ,.,w,.,  at  tu  .40  volt.  A  rotaiv 
lequirc  tight  pgh^  and  double  the  nu.nber  oi  bru>h  .pnuile.  which,  with. 


A/o/i'A-   Cc'.VrAA'//A'.V  lOIl 

tlii;  same  output  and  tlu-  siine  -i/.-  (.i  ( winmiit.,t..i .  w.mhl,  In^iile  .i.I.lim,' 
to  the  cost,  increase  tlu-  (lan^.  r  of  ll.-hin-  ovn  ii  .,  ^-Iioit-circuit  <m  niii.d. 
Th.'  cliirf  adv.int.if^c--  of  luinK  ^'I'l''  to  .ii^|H  iiM'  wiili  th.^  interinciliate  Iwar- 
iiig  arc  that  the  electrical  conniTtions  between  tiic  in.inctioii  rotm  and 
the  c.c.  armature  can  be  carried  alonfj  the  out-ide  of  tlie  >liaft,  and  that 
the  hiiKtli  of  t!if  who],,  ni.ichinc,  inrludm:;  tlu  -lidt  and  the  h.-.lplate, 
is  -holt. 11^(1.  Th..>c  advantaj^es  have  to  Ik-  >aciifuedon  hirge  machines 
for  tile  reaxin  given  above. 

A  tlireedjeariii!,'  machine  havini,'  an  onti.iit  of  i  j^o  kilou.iii-  ■-  -1,..  .n. 
as  seen  from  the  alternate-current  end  of  tiie  -iiaft.  ni  i  o  ;j.  Tlu-  nnniber 
of  poles  and  the  speed  of  this  machine  illustrate  in  still  another  way  the 


HI 


flexibiUtyof  thearr.in-omrnt-of  a  niot,,r  conv,  i  trr.  With  a  5o-i>eiiud  sup- 
ply the  h.df  >yn.iir,,ii..ii.  -^,rv,\  wonld  be  J50  k.i'.m.  with  12-pole  machines 
and  300  K.P.M.  with  i.»-pole  machines.  An  intei  ni.  di  it,  -p, .  d  cm  be  ob- 
tained by  winditit;  the  rotor  of  the  induction  iaot,,r  l-i  lo  p,,les  and  making 
tlio  dvnamo  a  ij-pul,.  tnaclune.  A-  the  two  lutor-  miisl  run  at  the  same 
^peed,  the  result  is  that  the  rotor  ,f  the  iiuluction  motor  runs  at  a  lower 
speed  than  300  r.p.m.,  thus  increasini,'  the  slip  and  the  periodinty  ol 
the  currents  generated  ;  uhil-t  the  aniiatuiv  of  the  dvii.uuo,  bein-  Mipplied 
with  thd^--  hiuher-pei  i..,l  eunvnts,  runs  .it  a  . . .nvspondinKlv  hi^'her  speed 
than  _>.s-  K.I'.M.  rile  aetual  spee.1  of  the  shaft  is  nearly  -73  r.p.m., 
at  which  tlie  periodiritv  nt  the  currents  supplied  to  the  armature  of  the 
dj-namo  is  nearly  ^7  3  pei  io,K  per  --ccond. 

The  intermediate  bearing  requires  that  the  shaft  between  the  two 
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'"tor-  he  l„,llo\v.  so      (,>  carry  the  twt  lvc  .  ..n.lu.  fDrs  from  one  to 

the  othi  r.  tin-  .  iirrtnf>  tr.m-.(errf.l  l,v  tin  -..  .  on.In.  tor-  W\w^  .li-lril.utci 
to  fh,.  miiltipnlMr  .iriintiir.'  tlin.udi  tin-  .  .|ii,ili-ini,'  riuj,'-.  Tlio  mx  slip 
nn--  -I„,un  .^i,  il,,  ,„,„  ,.,1  1  ..1  ih,.         ,,,,,  ,,,,  -,,„-,injj  purposes  only. 

"  li  '^"'-  l"  >  1111,1  .loir.il.K-  ..II  III,.,  hiiu--  10  o.nmrt  six  of  tlie 

twelve  .oils  to  th.'  startiri!,'  r.-si-taiir.-  iiist,.a<I  of  il,r.,.  as  -l|,,wn  in  Fi.t,- 
i.<-,;o.     rii,.  Iian.l  «1„.,1,  tlir  -pin.ll,.      ul„di  ,m>m  -  il,,,,,,;;!,  tli.'  lu-aring 

)>id,  M,il,  1-  l,ii  thr  inii,,,,-,.  i„  iatiiiK  till'  sliort-un  uitiiiK  p'ar  (!•  Fig 

Y',)"  sviu  hroni-ni  has  l.cn  attaind.    The  illustration  (I-ig.  1  ojz) 

al-u  allows  tlie  lurring  r.  ar  between  the  two  rotors  which  is  neccssiiry 


1  1^.  ..c.;;. 


M  ,1  r  Lv 


in  the  lat>;.  r  niacliiiu  -  to  .  liable  the  n.tors  to  !).■  revolve.l  sh.wlv  for  chin- 
ing or  other  purposes  when  the  maehine  is  not  running.  'J  his  barring 
gear  is  not  nec-aiv  fo,-  -taitiiif,'-ui.  inui..,-,-..  lln.  .l.xi.e  ,,(  th.'  usual 
type  for  r<K-kiiig  tli.-  bni-h.s  wlii.  li  ai)pears  in  Vx^.  i.oji  i-  „„ly  f,,r  use 
wlu  It  the  b,>t  ])o,itio,.  „f  the  bru-hes  f.,r  the  conditions  "of  service  is  being 
ascertained  in  tlie  first  instance.  Wli.  n  iliis  po^iii,,,,  lia-  ..n.v  Ihvii  loi.ii.l 
there  is  no  need  for  fnrtiwr  chan.^'e,  as  tlu>  niadiiius  will  run  sparkle-sly 
with  fix.  .l  hru-l,.  s  at  ail  1. ..„!-.  |t  j,  |,„„„1  „„,ro  convenient  to  install  the 
usual  K.ar  tor  this  purp...-e  th.ui  to  make  other  arrangetn.iits  for  bringing 
the  brushes  to  the  best  position  as  shown  l.v  actual  exjx  rinicnt. 

Starting:. motor  .  onvert.T  .  an  he  sta.t.M  up  lioni  the  .-ontinuous- 
current  side  with  an  onliuaiy  .oiitiiiuous-curreiit  starter  of  proper  design 
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for  its  aiiil  c'U  ■  Miuiii!,'  up  t"i  i  .  Ix-  sviii  !ii ■  ■in-i-  l  .m  l  tliiouii 
on  to  thf  altcrnati  -.  iim  iit  Ictil--  iii  i      il\  tlii-  ^.iiiii-        .1^  .m  .ilirni.itur. 

One  of  its  ritiff  ailv.int.iiji's,  Iiuwcvit,  .i>  <  >iiii|>.ii'imI  witli  a  rut.irv  i.s 
the  siniplii"it\'  of  tlic  mctlii"!  1>\"  wliiili  it  » .m  h.  -t.iii.  >l  tii>iii  tli<'  .iltt  r- 
nate-i  urrent  -'u\r.     l\u-  <  miiiu-' liipii-  li.'iii^  ,1-  -Iim.mi  hi  In..  witli  no 

loail  ami  tliL-  lul'l  1  if.  1111  '•\i>  n  .ii  tin  ■  i'titiiiniiii.--i  aiii  iit  ni.l.  tin-  iii.iiii 
SWiti'll  on  lilt'  Mipply  111,1111^  i->  'ln^nl  ainl  lln'  lull  \iilt,i:;c  tliluwii  Mil  to 

the  stator  wimlinKs.  I'lii-  rotor  ^tartiiiy  r<^i--t  ..n.'  1-.  ot  .Miir^c.  all  in. 
joiiiiii:^  thrn  (iir  hix)  ot  tli<'  twelve  rotor  \\in4iii;;^  throiii;ii  rt-'i^taiiifs  to 
a  >tar  or  lu  u- 
tral  point.  It 

iim-t  ii'>t  111' 
o  \'  f  I  1 1 M 1  k  1 '  '  I 
that  tin-  rotni 
windings  ai. 
alsoroniifi-tfl 
tliriiuL;h  til'' 
"  nii-li  "  cir- 
cuits   of  till' 

(  Milt  i  lllHMl 

curriiU  .tiiiki- 
turo.  If  til. 
machine  doc- 
not   start  ;if 

o  lie  <■  .  till 

Starting  n- 
sistances  are 

f^'radiiailv  i  in 
out    until  it 
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..■•ji.-p- 


.  Ciinr.  it  I'. 

(.■...... 


..11  Ml.. 


does  >tart, 
when  it  is  al- 

loweil  to  mil  ti]i  to  ahi.'it  10  per  i.nt.  ah.i\T  ii..nii.il  ~p...!.  'I'h.'  i.^t;ti- 
l.itiiii;  re~i-.taiK.'  m  the  fi.  Id  rii.  iiit  on  the  eoiitimiou>-i  uui  iit  ~id.'  nnl^t 
be  adjusted  S(j  that  the  macluiie  eoiiiinenres  to  e\i  ito  when  tlii^  >peed 
is  reached.  The  readini;  on  the  ^vnelironi-iiisj  voltmeter  v  (I'm.  i.o,;o) 
decreases  as  the  machine  tun-  up  to  -pi.d.  hut,  a-  .-..i.ii  ,1^  the  continuous- 
current  llel.N  e\.  ite.  the  >peed  .  oiuiileiice-  to  tall  aii'l  tie'  \olt.ii;c  rises. 
As  the  synrhrr.nous  speed  is  approached  tln'  voltmeter  jMtiiiter  commences 
tooscilhite,  and  the  u lii.it i. >ii-  h.  .  .Jiii.'  -l..\\.  r  ,i-  the  -x'li-  lii..n..u-  -jiee.!  is 
beinff  reache.l.  When  the  o~.  lil.iti-.n-  are  iiuite  -!.iw  ,111. 1  the  pninter  ol 
the  \-oItnicter  luonii  iit.uily  at  /.■in,  the  starting;  re-i-t.ui.e-  are  cut  out 
and  the  induction  rotor  windings  .-liort-cirruited  "  by  the  special  device. 
The  machine  is  then  in  perfect  synciinmism  and  is  ready  to  take  its  load. 
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l,ii(;o  in.hhiiH'.  .,n!y  on,.  iix,.,|  ,„,„.  „l,u-t.,l.|r  •  ^      ,„ , 
Su<  »i  a(l).Hm.-nt  ns  is  ru.,  ,..s.n-  |..,  -m,,  hr..,,.-.,,^  i.        ,  ,„ 

'"■        ""    """ nrn  nt  .  n  I.  tlir   -t.irtiiif,'  r.'.Htnn.  .•  K.-.m. 
-Ii-rt-,  uvnitcl  .,1  tlir  ni..n„.„i  ulici,  ^.yu.  hronism.  .i^  ^h„^M^  hy  ,|,..  ,  ~ 
rn.  t.  i        ,,tt,,m-..l,     \„  ,  omi.|i,  ;,t,..t  svn.  hroniMT  ..(  anv   uf  th.  tv„es 
•k-^cnlH.-.l  III  (h  .ptoi  HI.  i>  r.',|,iiiv.l.  ' 
The.  rurnnt  fak,.|.  ..t     „.,„.:  •  n  l.r  th.  .,l,„v.-  ...u.luiuns  varies  from 

-,„  ,i  f..ii.,.,a.i  r„m.„t.  it  depend.  „p™ 

lilt  nia^jin  tiMiiK  .uinnt  ivciuiic.l  l.v  tlie  in.luction  m..Jor 

ftrformance  CUPVe*.-Tl.e  jHTformamc-  cums  <.f  5,H,.kil..« att 
in.....r  <o„ver„.rs  ..r.  «iv..„  i„  l.„s.  ,,.33  ,„  j.-^  ,  . 

  mat  liiiii  is 

>hiiiit  wdiiiid 
11 T  it>  iii.Hn 
t  x  <  i  t  .1 1 1  o  n, 
and  is  ar- 
I  ,1 II  -I'd    1 ,, 

I  ont.  drop 

Iroiu  no  Iliad 
to  full  load. 
Such  a  flrop, 
or  evi-n  a 
-icater  drop, 
i<-iraMeiii 
'  iTt am  Mib- 
-tation  work- 
iiii;.  111- 
-taiu  t  il  thtrc 
I'c  a  l)attery 
111  be  arranged, 


*'»!•  '."34-— •'••tfiTniaiiit  Curve 


I  1', .  1  I,-,  (  .imp..unil  w.  LUM 


;f  -,„„-,.,,  I.  n,.a,iv..  .  ..n,pon„,.in«.    The  curves  are'p.;;;..T  t^'a"  W 
l    e  a,,  1  show  (..,  ,1,0  vultafie  drop  (462  to  440  volts),  (  i.)  .  •„ 
and   III.)  the  power  factor.    The  over-all  eftri..ncv  rLs'  tu  „      ,  r  .  .t' 

?h™k  ^     r "  -  --f^- 

o  f„  n    ,       i  ''^^         ""'^^  ^""  'K^'  ^rom  no  load 

o  nil  j.,a.l  ,s  often  required,  and  i,  .l,„wn  on  the  ,l^n,^L  in  which 
o  ta,..  rK.,.s  from  500  volt,  at  no  load  to       at  full  i,M,i  an,i  -v      t  t., ,  tv 
l-e   cent,  overload.    The  efficiency  from  half  1.,,.!  „„wards  i   i.e  a Iv  bit 
not  qu.te.  as  goo<,  as  in  Fig.  x.033.    The  power  factor  whi  h  i  u^ity  ^ 
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1, 


14  . 

i|>  t"  '>J5  kili'W.itr.  -  iS  ]"  1  1  (lit 


kili'W.ii    .  i- 
but  ut  hiKli'-  r  lu.iil 

piiw'T  f;ii  t..r.    Ihi'  I  "fit -i>ii)i>lin::  w.itT' 
\i<\\ .  i  ji.ii  t  >  .'  ll,''  'i    1 .1111.     I  !!••  1'  !■  In 
laKf^in^  w.ittl.  -- .  .  urii'iUi  iii  "'thor  j>.irt> 
thi^4  <  nrrenf  the  set,  a*  explained  tl*«e\vli 

Theory.-  Ih-rf  arc  nnc  or  ■>.(>  oi 
ar'  not  t-mi  lu  l  iijiuii  in  <  '!h  r  pat 
ret. If.  1  oiu'i  111  r>. 

r"//i/i,v  ri^'f/Ai/ii'i.  ,^  luiii  ll  !-im|4. 
ai:  1  .1  r.iiicc  n  i.r.l'".  iily  oht 

■  ■     it  .  \  it.itidii  I  jr.  1.  '        'lit'  tot  ' 
pt.  >il>lf  liy  the  hi^U  iwn  i      •  .it  tlii  .i   •  n. 
with  a  Cfrt.iin  phuit  tlie  <  • 'ntinuoii--<  in -cut 


I' t  -  , 

.  Imr 

-CI  I 


-  •  II: 
S  ,1  1 


••vn  t"  ; 
vtrl"a.l) 

'  ■  !)t  plot 

mil  w 

MM*  ai  : 


k.. 


1  \  Jimi. 

,    1    I  ^  N 


'II  I<  III 
it... 


!    ••  Irom  400  \  .'lts  f'  ■  lis.:  :!!■■-,'  u] 
pi.icr  fict"r  rrm,iiiii;i4  ii'       iiiit\  '■ 
Oil  st.irtiiiy;  t ■  •   •  ■  !;tii     u-  1  i\:  1 
right  pfiltrity.    i  ilit' 
may  be  im  ntii.ri .      i-  r,  -ul  ; 
<  U'll.iliui.  .  ■  tii  nui        tn  j. 
ulf  i)f  (  \ri — IVi'  (       i  Ht  ,  llii- 

fact  that  the  st  uii  •.!,'  i  un  i.-" 
tlie  rotor  of  an  i  '  in 

al^i  .i--i-fcil  l'\  :      iif-  '\  nil 
two  I..;  .1-. 

Tiic  poles  iii  thi 
of  rotis  which  inrrc 
machine  in  sti  !>  I 
smooth,  paralUl  nin 
said  'n  be  unknown 
very  -rvcre  i 
-j'Tioiii..  !tv  va. 


h      t.oo  viih 

hrciUL;i.i'llt. 

lit  volt  ah'. 
'  d  iiii     .<  ting  ' . 
uti-ni      the  l:i 
\  M  it.i 

'iii^i 
!       lit:  (  11; 


!  uni- 
Hon  "11 

irotarv, 
111"  <•  in  fill' 
-  I-  ri'tidtu  t 
l'< '1  iiistati<  (', 
hit  »)f  vartu- 
I  iioti  vork,  the 


ii-  up     th  the 
iii-i      imont  which 
ll'  will-  ll  a>.  in  a  ( .C. 
..  and  the  ilianiiii; 
^taituiL;  rc^i'-taiii.e  ;  the 
nti,  tlic  A.c.  rotor  being 
d.    Thr  u  tion  is 
i«     .  the  <"il-  on  the 


nerator  ari 
till'  stn <ni' 

«  \l-t.  : 
iiii;  \Mtli 
In 


:;;  toils  in  the  shape 
•  ndcniv  to  keep  the 
,  it  f-asv  to  obtain 


111. 
dl  .  on. 
■,  om!i!M 
cum 
ret!  .r 

COT  ! 

can  t 


di- 
ll 


LU 


rnviilcd  with  (i 
\  nchrontsini;  fui  .  -  ' 

■  •{  tll<"-0  fiilTtS  lliak. 

•  r  niacliiiie!-,  "  liuiiliiij;  "  troubles  being 
iiotor  converter  will  keep  in  step  under 
ir;  iiit.    It  .il-o  ipnte    i-i!\-  fallows  any 
.acniaic  ciirrLiit  suppl\'  tiiiuits. 
•mm:  .lutor  con%'t'rttT  is  pr.u  tn  allv  perfect  iiiidi  r 

•loll-,      1'       ■  due,  as  in  the  rotary,  to  the  effect  of  the 

,,.  M,  r  and  the  u't  nerator  rurrent*.    The  U-pha-e 

j.  ^ec  y.vj^t  -  I.-;-  and  ()<»o!,  helps  and  tends  to 

„  mail.  n.    Uut  the  outstanding  difference  is  that,  as 

■itfi  1  ri.  10  armature  is  called  upon  to  act  morr  com- 

^  Mtor  ..        ;re  and  t  >  i  oiivcrt  a  large  amount  of  mechanical 
1  hv  t      ii.ift  iiitu  electrical  power.    Commutatnig  poles 
n.  re  .  leetively  employed  as  in  a  dynamo  to  counteract 
action,  which  is  greater  than  ii;  a  rotary, 
i  noted  elsewhere  (see  page  loii)  that  the  '^f<ecti  of  the 
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machine  mav  W  vancl  i.y  nuking  the  number  .,f  poles  at  the  two  ends 
bTre,ua'tl;.:"  ^^^"^  ^'  ^""^  -^1-1 

Sj  ,i  (K.P..M.)  —  ^  P'Ti'Mliritv  ..f  siipplv 

Null'  ot  the  jv.lc,  in  the  two  machines 
In  practice,  however   the  two  machines  usuallv  have  the  snnie  number 
o   poles,  an,l  the  cl.tterence  is  never  greater  than  two.    „„„  L"  nta 
a.lvan  a.,'e  of  reducn,  the  number  „f  ,,„!,.,  i,  „u.  m,h„  n„n  m.,      s  tha 
a  smaller  machine  uHl  M./uce  a,  a  .nuller  proportion  of  the  re   i^e  I  n  J^v 
^  .Oliver  e,l  mto  mech.,„,eal  power.    This  advnntacre  cannn  o!3 
1.0  pn..e.l  ar  in  practice,  because  of  .iimcuhie.  aii.n'  i„  ,.,]„.  j  :""  ' 
t  should  he  pointed  out  that  the  lull-l.,,.!  c.u,  ..  ucv  .a  .  n.tarv  set 
(mcludm,^  the  transformers;,  is  about  x  per  cent,  hi.l-.er  th  n    hit  of  a 
motor  comvr,,.,  although  at  the  lowe  r  load.  thi.  difLn-nce  i     "  Lt" 

^^71  t:  f "  "^^^  ^""^^  -  ^he  n:ac  mt 

Sio  '^n    ,r      n""'r"'^  "^^^      ^  hr..Mo^.n  of 

e  o  w  '  "  "•"-''■"■-1  to  the  transformers, 

tI,e'"  rnrtV'"  ?"  ^"T     '^""^  -taries 

~'the:.;::drrr:;,.™;.,'^ 
iir^:t;::tnX-tr.:,-?^ 

.w        '  I  out-oi-o.iiance  (iinviit  i.-,  \crv  heiw  Rnth 


CIIAI'TI'.R  IX 


SECOXDARY  (ILLS  OR  .UiiMiL.iiOUS 

CHEMICAL  TRANSFORMEKS 

In  tl;i>  pii-\i')U-  oditioii^        ihi-  1  k  it  wa-  <'iil\'  iMw-iMr.  i.wiiii,'  i" 

t  \iL:i  nc  irs  of  S]iacu,  to  lu  at  llir  iiniv)rtaiit  '-uliji  i  I  nt  so  .  qiilai  \-  ci  !'< 
Ill  ;ii  tin;  lii-tniicMl  and  ^m-.i  ral  ^taiiilpoint,  aiiil  tin  pi , .ji ctn I  -i  .  ti.'ii 
<  n  technical  dovelopmonts  and  details  lias  been  cnwdtd  nut  hy  tlir  rapid 
and  im]ii)rtant  technical  developments  in  other  departments  of  electrical 
scieuce.  In  the  Jiresent  editim!  tlie  inilea-.'  <-\  ■-i."-  inakc^  it  pu--ilile  t'l 
liiid  some,  tliimgh  not  vcrv  adetjiiate,  space  Inr  ri  ieientes  lu  the  techuolw-v 
of  tlui  suhjcct. 

Tile  priiu  ipli  <  upiiii  wliicli  tlie  actimi  and  wn-tnii  ti^n  nf  a  sccnndary 
cell  ale  iia-ed  have  been  iuUy  expLiiiieil  in  \'iil.  I.,  and  the  early  fnrm-, 
and  Some  of  their  immediaie  siicce-^nrs,  h.i\o  been  dc»scribed.  Tin- 
present  chapter  chiefly  deals  with  modern  cells  now  in  common  nst',  and 
the  t<'chnical  points  which  arise  in  their  adaptation  to  the  servici'  of  man. 

The  period  v.iii''h  ha^  inleiAcneil  >iiu  e  Mich  matters  weie  jiiev  ii)u^lv 
dealt  with  here  has  Inxn,  in  the  case  of  Lciiti  si\'o)iii,iry  ctHs,  a  jxiiiid  in 
which  defect*,  which  have  apjieared  in  practice,  have  U'cn  cr.n  fullv  studieil, 
and  main-  patii'iit  attempt^  made  to  remed\-  tlitiii.  It  reiiuiin-  a'-  true 
to-dav  a>  it  wa^  tilirt\-  years  ago,  that  tlie  llialiuiac  ture  ot  sei  ulidal\-  cells 

depends  fur  it~  success  on  unremitting  attention  to  minute  tUtails,  and 
that  no  point,  however  small,  in  whii  li  improvement  appears  possible 
shouhl  be  neglected.  During  the  greater  ]),irt  I'f  tlu'  pevii>d  named 
the  only  secoii<lar\-  (i-ll  which  had  an\-  lomniricia!  \a!ui'  w.i-  tii<-  had 
cell,  first  made  a  practical  success  by  the  genius  >>[  I'lanti-  and  1  anre. 
During  the  last  decade,  however,  the  Xickrl-ffoii-Piitiisli  r)«<fif»v  ceil 
ha-,  with  ]iliennmri;al  pati'  tu  i'.  aiii'.  att'  i'  alniu-t  iiilinili-  e\pi  t  iiiii  nt , 
bt-eii  devi'lopi'd  b\-  Mdi-on  to  the  puint  of  jiiarti.  ,il  >-ucc  >  and  since 
lOll  such  cells  have  been  )ilace<l  on  the  market  in  large  mmibers,  and 
ha\<'  taken  ,i  recot;nised  ]in-iti<in  in  the  resnurc<>  i.l  the  electrical  engineer. 
The  two  tvpes  of  cell,  though  ba>-e<l  ultim.itelv  on  the  s.ame  scientific 
priticiples,  have  so  little  in  common  fmni  the  tec  hnicd  st.uidpuint  that  at 
the  present  stage  it  will  be  convenient  to  ileal  with  them  separately,  though 
Comparisons  must  necessarily  be  made.    \Vc  take  the  older  type  first. 
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I  -  IHE  MODERN  LEAD  SECONDARY  CELL 

...in  .  ..  ....  r^e^oXS?rlryr'p-^ 

c  1,  a,ul  numerous  unentors  .ievot..!  th.  ir  ah.H.i.  s  t,.  o^v^, ,,,    ^  Uu 

n  i       l         '  '"■  ^'"""'•^'iM.l  as  follows: 

(1.)  ilic  <limiiiiition  of  the  ereat  wfiflit  <,f  ti,        i  n 

iv,r..,l  «iti,  «i  •  •     ,  wtigiit  ot  thu  early  cells  as  com- 

their  capacity  for  storing  en,  r«v 
("•)  ^  u,.nnn,  that  the  active  nKU,',,.,!  ,pen.x„le  „f  K-ad  on 

Ov.)  ihe  redua.un  of  the  ohmic  resistance,  not  onlv  of  the  cell 
I  -  f.  hut  also  of  all  external  luRS  and  co„„eet,„>   anc   u  a 
dcnt  dly  the  distribution  ,.f  ,1„  ,  „„e„t  e^e„lv  .,ver  th  plate 

<vi.)  ihe  preve,ui„„  of  u,.e,nal  short  circuiting  by  bucklin.^ 
treeing,  and  otherwise  ;  and  youcKun^. 

(vn.)  The  development  of  an  effective  automatic  control  which 
shall   wuhoat  the  continual  inte,v.,.tion  of  an  attend^ 

S    to       f'""-''"S"''  '""''-^^^'''^        batteries   :nd  tu' 

I.  un  to  perform.  „„der  Nvidely  different  conditions  all  the 

unctions  of  which  they  are  theoretically  capable  in  generation 
transmission,  and  utilisation  sx.tenis.  generation, 

II.  -  IHK  DESIGN  AND  lOKM.AlION  ,,11    PI  \  ns 

^J.^^T'"^'  these  points  in  view,  modern  metho.Is  .,t  nunui  K  tunn.  1 1. . 
plates  of  a  secondary-  r .  ]i  ,„  ,..  ,„  ...  i, ,  ,  ,       ,         ,  '"■"'"I'l'iuinig  the 

the  commercial  dex  .  1,.„  1  ,  V       '"•  "■^"Iv  .V«-'ars  of 

.  "^""1""      i^M,  inventors  and  manufacturers  w.  n.  .'ivM,^ 

to  the  relative  merits  of  the  two  methn.ls  f„r  fonnn    t  h 
of  which,  by  that  time,  was  up  to  a  certain  point  a      c  1^  d  u  '  e^  ^'  n 
methoi  s  are  to-d  t\  kii,,«-,i   ,    *i     ■•       .    ,  1 ''"-"l.u  >uecebs.  Ihese 

mventioiis,  llZ     Z.-'   IJT'     r""'^'  "f""  ^^-'^'^ 
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made  use  of  for  tho  maiiiif,u:turp  i  f  tlu'  -j-'  ]il.ttt  >,  .mil  tin'  jM^tnl  nv  tl.iul 
is  quite  as  generallv-  utilisinl  {i)r  tlu'  ni.inut.uturi'  I't  thf  —  .    li  \m11 
therefore  lie  convenient  to  dea]  with  tlior  t\v.>  i  l.i-^<"'  of  plates  st'inrattly. 
The  Formation  of  Positive  Plates.    I  r  ijmim.i1  p.  wm  5)iirp"^ts 

tlie  iH>-iti\f  ]il,itis  in  tlio  iint^t  widily  u-i d  ,  ,  11-  air  ii.'W  ,iliin'>t  iii\Mii,ii)ly 
of  the  I'laiiti  t  \  |»  ,  in  tlu'  original  formatinii  ot  w  in.  ii  Plaiitc  (set*  J'M. 
Vol.  1.)  htat  tuil  with  pl.ites  of  ini'tallii  K  ad.  I  ln-  i  > 'iiimrn  lalh'  latal 
defect,  as  already  explained  Hoc.  cit.),  of  this  iiutliod  i>  tlic  Irnm'ii  of  time- 
(montli>)  necessary  to  i)rodure  .1  jilate  of  r<  a-oiialili>  <  ,ipai  ity,  and  tiie 
ingenuity  of  inventors  has  been  >iiccessfully  applieil  in  eiabiirating  mon 
than  one  method  by  which  this  defect  is  minimised,  whilst  eii^uiiiig  that 
the  outstandinsj  ad\anta!,'i-  <^f  tin-  IM.mtr  ir  t'  -d  n.inu  h  .  tlir  in.'ie  >table 
and  intimate  contact  between  tlie  ai  tivr  nut'  iial  .md  tlir  plate  backing- 
is  not  sacriliced. 

For  convenience  it  will  be  well  first  to  describe 
the  various  d'  'yas  of  the  lead  backini;  or  frame 
on  whiiii  the  .ictive  iii.iteri.d  i-  to  be  l.^iimd. 
and  then  to  lefer  to  ^ollle  of  the  iniiuipa! 
methods  adopt e<l  for  shortening  the  period  ot 
formation. 

T/iL  Lead  Uiickuii  or  I'nini,\-  I'lie  p.utirul.u 
shapes  adopteil  are  tlesigni<l  i^'eiur.dh'  w.i  to  in- 
crease the  ^urface  of  metallic  Icaii  expo-eil  to 
electrolytic  or  chemical  action  in  a  plate  of  t;i\  i  n 
leni,'tli  and  breadtii,  (ii.)  to  vupp]\-  >iiltnitiit  .uid 
properly  distributed  metallic  conducting  n  ■ 'lal 
for  the  current,  and  (iii.)  to  combine  wi.l  Wm  l' 
objects  Mdhrient  mechanic, d  ^tittness,  a  ;  ;op.  -fy  in  which  lead  as  a 
material  is  somewhat  defi.  ieiit. 

Plante's  plates  were  originally  of  rolled  or  ca-~t  le.id.  To  increase 
the  area  ()f  surfaces  e.\jM)sed,  tiiese  surfaces  have  been  rougiiened  by  scor- 
inc;  or  otherwise.  An  early  Dujardin-PLinte  metluxl  is  shown  in  an  un- 
formed ])l.ite  in  Fig.  1,0.15.  Thi^  plate  w.i-.  built  \i\>  <<i  thin  ^Irip-  ot  -Iik  t 
lead  laid  loosely  on  toj)  of  one  another,  and  with  tlieir  ends  buint  into 
stout  vertical  .upports  of  le.id. 

The  lineal  di-cendant- of  tli.  -i-  pl,!te- ,ne  m,iniif,i.  t ui  1  d  l'\  the  !>  1'. 
Battery  (  oiu]i,in\-,  l.niiiti  <l.  ot  Hakewell.  1  )el  liy>hlle.  who  h.i\e  rained 
on  and  dev(  lopnl  the  I  )u),irdiii-i'laine  methods  in  this  country  for  many 
years.  A  modern  I). -I'.  -|-  '  plate,  is  shown  in  l-ig.  1,0  ]0.  in  which  a  portion 
of  a  plate  is  depicted  lying  Hat.  When  in  the  battery  the  laminations 
run  verticalK-  insttad  of  hori/ontallv,  a<  in  the  original  pattern  seen  in 
Fig.  1.035.  There  is  a  very  .-light  nb,  not  shown  in  the  I'gure,  running 
down  the  middle  of  each  strip ;  but,  what  is  more  important,  the  strips 
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''•HtMi...  ..111  strii  in  1 
fornud  4.  -  used  bv  M.  <<rs.  i  , 
Stora;,'..  CoiniKiiiv.  Limitr,!,  t!ic 
thecrn,  -..rii,,,,.  Ti„.  x.nic.il 
strip-  riuiniii;,'  fmm  c  ti.  d 
are  t!ii,k(-t  in  thr  mi, 1,11. 
of  til.'   ],!,-,fe,  and  t.i].,! 

'""•'■'i^  "i"!!  <lr;ii,,,io 

"  II.     In  this  wav  il„ 
pinctratinn  (,1  tiic  rKrti'uIvt. 

i>     f.H  llil,.'r,l-        Tllv  jilt,. 

sfilT.iicd  |,\'  l,i|.,lii!-  -tiij,,  ,,t' 
Ifad         sliuun   at    d  h.     A  rum 
from  which  it  will  I  .■  Q,.rn  that 
providid.  espiTiallv  at  th,-  tvvu  uj 


'"">"1  t..i^,th,r  at   intervals  of 
•'l'"ut  I  ,  m.  In-  >t.,ut  liorizontal  hand< 
the  l../,.nt;.-Mi,i|.rd      .ti,,„.  ,,f  whi.  h 
arc  visihh.  oil  t!ic'  ii-ht-han.l  side  of 
thi-  tii.'mv. 

f  ill-  pattrrn  of  plate  is  now  wid.-iv 
fur  the -I-"-  „f  modern  >r,,.,ulary 
K-  I.";;,  whi,  h  >!iMWs  part  ot  aa  un- 
itelutt  and  (,,,1,1  and  Klcetrieal  I'l.wer 
plate  heinc  cut   alon:,'   a  n  to  «.how 


,i  11, 1  ■ 


I,"i7-— .M..<lcr„  I'l.loiiii,^  fUiiK-  I'.iMtivi:. 

plete  plate  is  shown   (,u   i-jg,  1,0 jS. 
v,  rti,Ml  sti,  ni;tii,  niiii,'  strii)s  are  als,' 
1  he  peculiar  shape  of  the 
luRs  is  referred  to  later  (see 
page  10.;,;). 

Anoth,  1  cxaniidc-  is  given 
111  I  ig.  1,039,  which  depicts 
th<'  pattern  of  PI. into  -|-  ' 
made  l.v  the  Han  Accuniu- 
Ittor    (:,.nii)an\-.  Limited; 
this  shiiuld    be  conjpared 
carefully  with  the  preceding 
'  ^.iinpl,  -.      A-  iiic\i,,u>ly 
point. il  .,iit,  these  modem 
plates  ar.'  stiffened  at  in- 
tervals  with    li,a\\-  hori- 
zontal  rilw.  wiiii  li  .nc  con- 
timunis  fr.,m  si<le  to  side  of 
the  plate  ;  Figs.  1,036  and 
1.039  show  parts   of  the 
h.-.ivv  I.  1,1  frame  and  the 
st,,nter    cross    ribs  which 
give  the  necessary  mechan- 
ical supiwrt  and  stiffness  tc<- 


Tr nc.il.  f.KAn  y.i  v.t/ iv.v 


Limit! 

-7  '^y 


iiiclii 


t!i.~.'  i^  iii  1  miiii.itiMn-.  Tiu'  -tainliiil 
thirkiit  -^  nt  till'  c«iinj>K  t<  il  platr  tK'in 
i'r(*nt  til  h.irk  i-  frniu  di)  to  fit  fill., 
ami  tlic  -titf.  iiini;  A\r  A->  ,1'.  ut 

I  I'm.  apait.  IIk~('  [ilatr-  \\tii;h 
hrtwi'cn   14    anil   15  Ih.   ])it  -ijuarc 

i.H.t  n|  liitr. 

A  ri'ini'li  li  i!  I'latr  with  tho  liis,'-^  at 
(  ar,;l  ,1.  ti'i'  -MiipiiitiiiL;  i  lii  iii  tin- 
-iilcs  of  tlu'  1(11.  ailtl  the  t  Ntt  luUtl  lut; 
1  fur  cnniuTtini;  it  to  oiIht  platen  ami 
111),  is  -lii'Wii  in  I'ii,'.  ii'i'i,  wliiili 
(iiliict-  a  -|-  pl.iti'  lil  till-  ■■  rianlul.' 
At  cuniiiliitor  "  manulai  tiiii  il  by  tin- 
Clili 'l  iili'  i;ii  ctri<  al  Morale  ('oitipany, 
late  varies  Iroin  4  iin  lu's  --iiiMir  up  to 


positive  platis  of  this  type  ar<>  (li'>if^ni'il,  as  alnatly  mnitioiuil,  to 
provifip  for  a  free  cirnilation  of  the  rlivtrolvtc  «o  as  to  brint;  it  into  coii- 

tait  with  all  the  t\pii~iil  -iiil.ir.-.  nl  thf  plati',  wlii'h  ■  1 '\  ii  Ml-lv  lia\c  a 
total  aiiM  inan\  tiim--  th.it  ol  thr  virlical  ana  of  the  face  ol  tlir  plati-  a-, 
a  wliuk'. 


The  inrthod  of  t\in>trurti' in  a 
large  stoiaL;!'  l  aiiacitv  jn  r  scpi  iK^ 
foot  of  thi    jil.itr  Ian    with  sMi'h 

u  thin  skin  of  ptToxiiic  as  will 
not  wvakcn  the  nictallic  sti]>i>ort 

l  ating  it  away.  Tiii-pni  \iilr,  toinii  il 
tli'Ctrolytically  as  in  the  oiii^inal  I'l.iiit. 
rcU  [sec  Vol.  I.,  pa^i-s  205  and  _'o<i:  »  <  n- 
sists  of  a  hard,  thin  adlun  nt  >kin  of  a 
<lurablo  iiatun-,  which  with-  ands  lu.ny 
rates  of  charf,'(' and  di~(  ii,ii ee.  i  urtlii  '  , 
the  ample  quantity  of  nu  tallic:  had  111 
tho  frame  and  ribs  jmn-itUs  j^'ikmI  i-oii 
din  tint;  ]),ith--  for  tlie  l  uneiii,  .ind  tends 
to  ilistribute  it  uniiorinK  over  the  pl.ite, 
besides  keeping  the  internal  resistance 
low. 

The  "  Chloride  "  -|-  .  I  he  "  Chlor- 
ide "  secoiid.irv  Cell  manufactured  by 
the  Chloride  l:^kctrical  storage  Company, 
Limited,  dates  back  to  iSiiS,  and  bus 


ii  diles  the  manufacturer  to  t>l)tair. 
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always  I.a.l  J'la.itc  positivo..    Thr  ,„n,|.^rn     n  i    •  . 
is  shown  in  I-\m  041  an.l  I, .  V  Chloride"  positive  plate 

^-  1.041  an.l  h,K  ,n.„u-  of  the  d.stinRuishinR  features  of 

the  early  patt.  rns,  though  i,„. 
P'^vemn,!,     havo  doubtless 
I'.en  introduced  from  time  to 
till],..    The  grid,  or  backing,  is 
'"•ulc  .,f  a  l..ad-anti,„on\-  alhn-  con- 
t.'n.m«tr,.m,t.,  4, 
""■"V.  I,.,.  I,....n  found  very 

|-"it,ii.l,.  for  accumulator  grid>,  a,  it 
i^irat  m.-chanical  stnncrth  an,] 
'^"•"■•ill.vt,.d.lHn,..,,lK  l,v,l..ac,d 
rn.a.uaK  wul,  ^iiich  it 
'ntocMiua.  t  in  a  l,  a.|  Mrond- 
■ir\  ( (11. 

.^■"i"-tn.'a!  patt.-m, 
■■J'    '  '  '"i-i-l-  ot  a  iinnilMT  o|  ,  ij-. 
■     -  "  li-^  nrramr-d  di:,:,-o„,div,  the 
h,i\       -ii;,-t.i,,ti:d  lug, 
'  lii.-  lH.J,sare 

'^n  l.,.th  ^idc-.  as  shown 

'•".'^••>-  MMlr  in  1-iy.  1.04,  T!h> 

1"^  .n,l,.  ,,o„  .  ,„,■„..  ''^  ^»  4.»oo  llx 

rccN,  each  nf  which  ,„„„  -    .  V,  '""'l^vound  on 

ThH  tapc      ,„.M  ,cd  ,„,„a  ■■n...t.c"„K,c,n;.. 
^..i'^h  ,an>p.  th.  edge.,  cut.  off  the 
^^u^th,  and  wtnds  it  into  a  n,.,,,,  ,h,,  capantv 
o    the  „,ad„ne  being  3,000  ro.ettc.  p.r  l„„n 

nl  the  M/e  ol  the  ,>late  which  i^  h,,„.  „ 
factur^.  and  this.  h,-ing  plac-d  o-c-r  tlie  cm 
gru^  t*o  whole  of  th,   r„.en,..  ,„e  dnven  he!,;  e^ 
each  int.i  i\~  ii>necli\ .•  .  .11   In-  „. 
,   I,,,,      ,.  ..11,  i,\  ,,iie  .-.<nfc-o^e  ,,| 

a  lu.l.aulic  pre...  This  >,j„eezo  exi4ads  th- 
r.^ttes  into  the  countersunk  hole.,  U.ev 
are  surely  retained.  ' 

Th-  lead  tape  i.  ,1,,,,  c„nvert,^d  largely  mto   

-•nven,.:ox.doof  ,ea,il,yplacmgtl,otmfonu,.,l         "  ^ 

of  d.lute  snfpj^ic  UT?  '  '^••■y-'l'^'-  electrolyte 

-uipJmrtc  actd  coma.nmg  a  funtiing  reagent  which  curtails  the 


IT 
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time  of  formation  probably  by  biting  into  and  thu'<  roiiRh<'ninK  the  surface 
of  tlir  l<Mil  by  niiliii.iry  clii  iniiMi  action.  A  tou-!i  -km  of  leail  j>eroxitk 
i>  tlui--  jiiiMliK  1,1  witlmiit  Wf.iki  ning  tlu-  niotallii-.  li  .id  Im-c. 

ih:  "  ILirt  "  IK  im-l'l.inli-  -[-  ". —  l  lir-o  j)u>itivc;,  mamif.irtiii.  .1  I'v  tic 
Halt  Accumulatur  Company,  art,  as  thrir  name  iinpli. onlv  partially 
Plants  positive*.    Tlie  lead  grid  or  backiii;,'  i- 

tM  -nllli'  (Xtrlll   a   li  \rl-llill   to   .III   old   V .  I'.  S. 

jxiltcin  ol  [M-tccl  [iu>itive,  lilt'  modilicaluiii 
t)i  iiig  that  the  ribs  are  more  numerous,  then' 
liciug  from  nine  to  twulvi'  to  tlir  int.li,  and 
that  tlifV  :nr  thic'kii  tlir<iU!.;liotit  and  are 
Mipporttil  \iitii,il  liniiliiiL;  --tn]'-  at  ilis- 
taiRcs  of  1^  inch  apart,  a^.  i>  >lio\vn  in 
Fii,'.  I.04T.  It  will  lie  notice<l  that  a  >ub- 
>tantial  (juantitv  "l   li.nl  i~  .mi!  thi- 

is  an    essential  "I    liie   (lt>i^ii.      I  Ih' 

ledges   formed   by  the  ribs  are  filled  with 
sjiecial  ]>ero.\ide  pa~ti'.  \i  r\  jxirnii-  .iii.i  )  '  i- 
niittiiiir  of  l.iirlv  Iriu  cin  idation  ol  tlio  i  Iri  tio- 
1\  tc  in  the  pores.     The  plate  with  the  pa^te  in  place  is  sl>>>wn  in 
Ing.  1.044. 

In  the  early  P'  Tiod  of  its  use  this  plate  bi-h  ives  a>  a  pa-ted  pl.ite :  l.,it 

as  it  r!i,ir£;ccl  .nul  di-ch.iri^od  a  -kiii  of  pi  ro.xiili'  is  gf.iiiu.ille  l^rnu  !  ,ill 
over  tln'  -u'  f,!-    <>\  tin- 1,  ,i,l  (.1  thf  g:id.    L'ndi  r  tin-  i  irrnni--t.iiic<'-  ii  i-  funr.ed 

<]uite  slowlv,  and  it  is  claimed  that  it  is 
t"iiL;iii  r  and  more  h.  mii  •-.■riu  uns  tii.ia  o.xiili- 
l.iniii  il  m  ^ilii  \'\  1  k  '  t ! "-rlii  iiii(  ,il  .iL'lion. 
Ih.'  r.'-iilt  is  that  .111.:  -,\.-im1  yn-  "f 
workm.t;,  although  tin-  p.i-lid  ni.iii  iial  whuh 
was  initiallv  lilhd  into  tlir  j.l.it.'  ma\  have 
.li-intrL;iat.'.l.  il^  jiku  i-  t,d^'  n  i'V  tin-  1  1.  .  tr.i- 
lytically  fornu  .l  i>\iile.  1  1,  .pii  atly  it  happt  ns 
that  the  cap.tcity  of  >ui  h  plates  is  higher  aftiT 
-,  \i,'ral  \i,ti-'  w.'ik  than  it  \\iis  at  first.  The 
ci  iiti.d  diaiihiagm  is  stitticit  iitK  thick  to  pre- 
M  ut  buckling  under  hc.ivy  di- iiar^.  s  up  to 
the  maximum  rates  s|)eciued  l>y  thi-  iiianu 
facturers. 

Tlie  Irond.hi  i:\iJe  ^-  ■  2*/<f/.-.  -Tin-  i)l,it(',  specially  design.  ,!  f.T  n-e 
on  ek-ctric  vehicles,  and  manufactun  d  by  the  Chloride  Eltxtric  d  Stoiage 
Companv,  Limitwl,  is  radicrdly  diffiTi-nt  in  mechanic  il  tlesign  from  th.e 
]).witi\  i'-  wliicli  h.ivc  Invn  dcsriilM-.l  ah..vi  .  I'ollownii,'  a  practice  win.  li 
has  lucn  used  by  more  than  one  mvont.jr,  the  active  n.  iterial  is  arrangid 


-Han  I»eliii  Pl.inli 
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consists  (if 


l.lato.    A  cumpU,.,l  plate  'l,„w„ 
a  numh.T  ..f  v.  rtioal  j..  n,  iK,  ,,u  li 
•'I""'  in  < A!.  iiMl  .li.iiuotcr,  joined 

i'  l>  .111.1  hott.  Ill  1,,  li,,iizuiit,il  bars.  A 
vcttir.il    Mctiun    „f   .•,  p,.,„.ii 
''"'•"■^'•'l  in        n  in  |       i  j, 

••"iit.iUH  ,1  .vmi.il  ...luliutini;  l.-.i.l  cnrv 
'•  MiMd.'  a  o.m-i-ntrir  chonit.-  or 

li.ii.l  iul.l>.  r  tul.e  r  T,  Mhi.  l,  !,.,.,  ],,,,,,. 
niiMilH  T  ..f  hnriz.-ntal  lit-  ,  ut  in  u.  i  h,- 
•""v,  ni,.i,..i,,l.  p.  ,.  A!,1,  ..1  Je.id.  ispack..! 
I"  '!'<•  l.ttuiru  ihr  role  and  the 

"i!"  A  lion/.mtal  SMtion  ..f  a  few 
ii'i.y 111). .Ill-ill-  tiil.,.<.  a-rniM,,!  in  tli.ir 
'rl.itiv..  i.,.Mtiun->,  i.  i^iv^-n  ill  l  i^.  J 

'  '  "11.1  ill  practice  that  the  slits  allow 
tUr  .1.1,1  lice  access  to  the  active  iii.it.  ii  il 
"•hil>t  tli.  v  are  siitti.  i.  ntiv  tine  |,,  i.ivv.  nt 
It  l..  iii«  u,i.!..  ,l  ,,11,.  Kaeh  .,iH,nite  tulw 
li.t-  lu..  \,  iti.,,|  prujrctin.i,'  on  opiH,- 
-ite  M.i.s  at  riyht  angles  to  th..  f  .ce  of 
es.-  not  ..lily  M,„-,.„  ,h..  .„i,„.„|,,,  ,.h„i  ,.l„,„i,,.  Uut  ,l.,  v 

.li..,  "r  

,,i,'.„      ir    I  I  Ml. SIS,     I  lu'.  I  MV'  .  .111,1  allow  the  use  of 

plane  M,„,.|  ,li.,,.h.-,i^i,w.  .„„•        ..uIut  .uU-  „f  ,.,,,1,  ,„u  „f  ,„,,,, 

i.'M-.    In  the  I...iir,^  ,h,.  a.lj.uviu    ...M,iv,  u^U: 

^«nn,„i.Mllv  l,v  ..,  „.„,  I,,,,..     From  th..  -.,.,„,.  tigure 
t  will  I,..  „o,i.  ,.,i  ,|,,,t  ,h,.  woiUinj;  ,„,rtion  of  the  electru- 
^    IM.'      .1.1,,  .1  11,  ,l„.  inteistio's  M^.rn  the  cylinders  and 
B/fJ  1^  theivl,,,-,.  within   tlie  ,„ni,n..,  .,1    th,.  plate'  i,s,.lt    '  The 

-tandar.l  m/.-  .,t  p„.i,iv,.  pi,,,.,,  ,,,„j,„„,  „„,,^,,^      ^j^^,  ^^^^^^ 

1^.  I  'Mv.an.l  11-  ..v,r.,,li.lini,.nsionsare5?incheshv8 
1 ,.      ...    lis  rati-,1  t.iiti.ut  i-  ,2  anip.  iv-h,,,,,-.  i„ 

.■lu  il  <'ii  the  \  i  i  tical 


are  inilnat.-. 


""  '"-I'V  ineh.  its  iati-,1,, input  i-  ;j 
liours.  whi,  h  tjives  a  curr.-nt  deii-itv  n\  I 
■Ilea  III   lo  ain- 


p.  r.  s  p,.r  scpi.ii-,. 

riif  ill'-;. I 
tiM  platt'isol  the 
"nn's  stand.ir.l 
I  \  ]). 


i.-.t ...  soiiL  wiiat  \^222^22^^^^'>^Z''. 

greater  thickness. 


AcCKt.ES  fJIOlf  or  FoKMIT.'.W 


Methods  of  Accelerating  Formation.— The  modorn  practicn  is  t<> 
form  the  po-itiv.  -  quite  separately  from  tin  iit  i,Mtivi>,  and  wlicn  oloi  - 
trolysis  is  empluyed  dummy  negatives  are  used.  In  the  original  I'lante 
process  the  formation,  as  already  mentioned,  i-  \vh..llv  ilectroK  tic,  and  the 
"  ampere-lmnr  i  Itn  ii  iu  \- "  of  the  jiroei'--  i-  ver\-  low  .  In  otiier  woiiN.  the 
ampere  hours  supplied  tluriiig  formation  are  many  times  the  rate<i  output 
of  the  finished  positives.  Notwithstanding;  the  heavy  capital  expeiuliturf 
for  jilaiit  and  the  nei-o-arv  spare  areoinnioilation,  .md  thr  r.t-t  of  the 
nece--ary  cuirent  t  nergv.  the  pmce-s  i-  still  Used  cornnuTcialh  .  ,ind  ui 
one  instanc  e  the  inannf acturers.  by  takini;  full  advantage  of  the  know- 
ledge obtainiii  by  years  of  experience  and  research,  are  said  to  have  re- 
duced the  period  of  formation  to  six  weeks  of  continuous  day  and  nigiit 
working.  This  is  probably  thr  sli.-itest  time  in  wiiieh  good  po-.iti\  rs  liave 
been  made  by  the  original  I'lante  process,  namely,  with  dilate  sulphuric 
acid  only  for  the  electrolyte. 

[n  a  lar^i'  nnnibrr  of  inetlmds  ti-.e  time  of  fonnarion  bv  i  hvtro!y-i- 
i-.  tdusidei  ibly  sliorteiinl  iiy  tht  .iddition  of  oxidizing  agent-  to  tlie  eh-e- 
trolyte;  in  other  words.  i)y  nsin-  a  sjiecial  "  forniiu!.;  solution."  The-e 
solutions  are  obtained  by  ailding  a  salt  of  some  otiier  acid,  such  as  tiitric 
acid  or  acetic  acid,  to  the  dilute  sulphuric  acid.  Nitrate  or  nitrite  of  soda 
1-  oiu-  of  the  salts  iaigelv  so  u-ed.  hilt  a  great  lunnbcr  of  salts  bn-n 
tried  more  or  less  succes>fully.  Tiie  forir.ing  solution  is  only  u-ed  lor  the 
preliminary  period  of  this  formation,  which  is  conclude*!  at  a  definite 
stage,  when  the  p:  !v  formed  plate-  lau-t  be  thotdughly  w.i-IikI  to  remove 
all  traces  of  the  i  •  iing  solution  before  the  formation  is  completed  elee- 
trolytically  in  pure  '  lute  -nl}ihuric  acid. 

The  action  in  any  of  these  forming  solutions  is  verj'  complex,  and 
g-eat  care  and  skill  are  reijuired  to  obtain  a  uniformly  satisfactorv  residt, 
i>iit  it  b;is  bcin  f'.u:;  1  po--ible  h\-  tlu  ir  u-,'  to  increase  tiie  "  ainpere-hour 
ttticiency  "  of  formation  to  25  per  cent.  Many  complex  ionic  combinations 
are  formed  and  give  rise  to  complicated  reaction*.  Init  in  the  main  the 
operation  consists  of  two  actions  ])ioci  r(liiig  continu' iii-K-,  almost  simulta- 
neousK-,  one  beini;  only  a  little  in  adwiiueof  tlie  other.  The  fir>t  action 
con-i-t-  in  the  i»\i>l  ition  of  tlie  lead,  eitlicr  i  lieinically  or  electrolytic.'illy, 
and  the  second  in  the  peroxidation  of  the  resulting  toinpoiuul. 

In  quite  another  series  of  methods,  uf  wliieh  the  ICp-trin  process  is  a 
iiotaMr  cx.'.nijilc.  tlu  fn-t  ol  tlh  -  ■\  -\\-  ,.  l  uri'd  through  separutch' 
b\-  a  jmrely  eluniie.il  riMilidi.  la  tlu  I'p-tein  process  of  fonnation 
the  plates  are  fust  oxidised  by  being  boilwl  in  very  dilute  nitric 
aeid.  ami  tlit  11  dried  in  air.  The  f.  :in,ition  i-  then  cniplt  ted  ele< - 
ti'  lv  tu  .liiy  111  (liiiite  sulpiiuiic  aeid.  utiier  nietiiods  of  ()i.)taining  tlie 
pn  liminary  oxidation  have  been  described  in  previous  etlitions  of  this 
book. 
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Kiii.  1.043  —I.atli  f  Frai, 
t'lr  Scii.ili  Nci;;iti\  i^. 


lormmg  -    i,  not  entirely  discanlwl,  the  -  '  plates  .,t  nuKK  rn  Mcndi,  .- 

aooye  as  parted  j.K.trx  l  his  m.  ,.,1.  tliat  tl,.  v  ;.ro  plat.  s  „,;,(!.■  accord 
.ng  to  taure^cncr:,!  n.,I,„d         ,  sulphuric  acid  0^^;^: 

•'I'l.'  lead  oMdrs  applied  to  a  suitably  shntud  ka.l  erid 
and  then  "formed"  ekrtn.Iyticallv.    A,  ..Nplain,.,! 
c  sewhcre,  the  -  •  active  niat.T.a!  >l,„ald.  „n  !i  fullv 
<  i.'".Ccd  n-ll,  c<.n>i.t  nf  siir,n«v  lead.    Kx,H-rience  has 
>l.uwn  that  there  is  less  difticultv  in  k.  .  ,,inc  h 
niatcnal  m  cmditctins?  rr.ntact  with  the  k.id  frune 
..r  bnckin,-  of  the  -    plate  than  th.  re  i.  .„  n  tainins 
the  l,.,.l  p.,„xuk-  on  the  +     pkUe  wh.n  fornu-d 
-imilailv  Horn  lower  "  pasted  "  oxides.   For—  j.l  ite- 
tlK  iefor...  the  nec's-arv  adh,  M.,n  hrin^-       „„,I.' lull 
•ulvant.-.Ke  ran  he  takn,  ,,|  kaun     nuthod  ol  >hort- 
-nn,:;  the   p.,,„d  ,,,   t„n„atiu„.     11,.,  in^enuitv  of 
inventors  ha-  been  chietly  directed  to  t!u-  ,!,..,■..„  „| 

power  of  retentton  o  the  active  ,na„  nal  in  n,t„nate  contact  wit    t  "  g  d 
A  snnple  ...ethod  ot  .„Mvn„  ,h,.  eon.l.t.ons.  which,  howev 

•»>IV  1h.  n  ap|.hr,l  ,n  ,,,„,e  -null  Cells,  is  „>e.l  by  .M.-ssrs    J'-  to  -m  I  I'^l 

lord.    It  consists  in  the  en.plovnient  of  a  l.^ll/.u-  (,   "  f,  ,„,  ,'l  1  . 

relatively  wi.le  lead  lattices  burnt  on  to  a  ..i>.an,ul       a       1  's 
in;,'  frame  o|  k  a.l  prov„h  ,l  with  a  .ub.tantial  ]e  h1  -"'-"^  "I'l'ort- 

lus  tor  an  ,  l,rtro,le.  The  lattu  .s  are  stas^gered  on  the 
two  ,si(k  s,  a.  >hown  m  Fig.  1.04.S,  i,,  which  one  of  them 
has  been  turned  ba.  k  to  e\!iibit  the  •  tli,„!  of  eon- 
structk.n.    A  compk  t.-  plate  is  shown  1    ki-  ,  o4r,. 

k'or  larger  plates  miicli  ingenuiiv  .'I'.s  be.  n  .  r- 
cise.l  in  dcvi-mg  >upi>orts  for  tiie  n\e  matr-id 
which,  whilst  fuKiUini,'  the  me.hnniral  .  1  el,,  trie,! 
conditi,,n.,  ean  be  ,u  inula,  t ,nvd  ,  „ilv  and  cheapiv 
lhem,,iho,!i  of  overconun-  th.  various  dilliculties  in- 
herent in  t!ie  problem  will  b,-t  be  realised  bv  the 
description  of  a  few  successful  ...lutions  of  t.'ie  pro- 
blems involved. 

Box  Type  -       a      la  ral  t.vpe  oi  n.-ir.^tivo  ,,)„te 
^vhu■h_,s  u.ed  by  more  than  one  i,,,,,  .,,  „,,„,„;„;,;,„,.  j   ,,„^  .. 

DC  realised  from  the  followm-  exainj/ks. 


f'ic.  i.'iiif.—A  Lattice^ 
Nc.:ativv. 


Tin:  FoKMATios  op  LhArt  Xfir.Artt-K  PrATK-i 


•  \  Hint; 

ai.-   I 

lt..l.>  .i[  111.' 
Till-  flcctri>- 


In  lhi'<  I'rm  of  plato  the  active  matfri.tl  u-.  i!  .  \i  imU  -licl  ilv 

till'  wuikiiii;  iir.'ri-~i~,  tlu'  i  mi  I   111^;    -liitii  iMit  \" 

mcchanicil  cmtact  wiili  iut  I  iicint;  ilii-  p.i-ti;  tlii.)u.,li  tli< 
lead  screen,  which  w<uil<l  ditach  it  alt<>t,'(  ther  It  'in  thi-  platf. 
lyte  ji.i^-i-i  tri'ii\-  tliiiiiit;!i  tli.'  ]»  r(,  .r.iii.  ;      t  t'  ^-  -.  [•  •  n. 

"  (JlilariJc  "  AiiiimiiLitor  —  .-  Ilir  li.ul  ir.tmi  w .  .i  k  ■if  1 
negative  i^f  tin-  CIiImiiiIc  l-.lc.  pical  Stt>raf{i'  ("umiMiu  1-  -hown  m  1  i;;.  1.050. 
It  ci)n>ists  of  two  lraiiu>  ot  a  lattice  pattern  ot  iiuh  xjuares  cKim  J  on 
one  side  with  thin  sht  et-liad  perforated  with  alwut  two  hiimirf  d  holes  per 
-iju,!!."  ini  li.  l  uo  ]>l.iti  ~,  with  the  perforated  sheet;*  on  tliv  outside  are 
iiMted  tuyrthvi  alter  tli>'  in- 
troduction of  the  paste  of 
htliaiye  from  which  tin-  ■  ti'  c 
niati  rial  i-.  to  Ijc  ii 'ini'  il  li\ 
.  li  (  tiolytic  irdiK'ti.  p.  i  lii- 
i.'riiiation  can  be  tarriid  out, 
it  (Ir-ired,  after  th.'  c  ll-i  are 
,i--i  niMrd  .It  thr  iii-t.ill  iti.'ii 
It  will  lif  ii.itniil  til. a  tlir 
result  is  a  scrie--  of  .-mall  l>o\(w 
.■r  c.iuc,  into  wiiii'li  the  oxid,-- 

MH  l>e  pai  krtl  ;    till'   II 1. 1 '.  rl  i.l  I  W 

ii't.i!i:i  il  in  tlii-i-  li..\r-  jiiii;Miil\ 
by  till-  imrly  in-rlorati'l  -lici 
of  If.'il.  to  wiiioh  thi'  i,'riil>  on 
both  -id.r-  ,iiM  r.i  r,  -.irv 

iiKchanic.il  -tiliui--.  It  h 
claimed  for  this  method  of  con- 
-truction  tli.it  tlic  ■  !■  .  ii^Kte 
lia^  tree  acce-s  t.i  t!i''  ii  riinr 
of    the     plate,    .Hni     ill. it  llie 

capacity  of  the  plate  can  be  maiistai;ied  practically  con>tant  ovi-r  a  loni; 
period  of  years. 

••;),/'    '_     ..     Thr  I,.      |ti\V,  1).   P.  1\-  C.n;!'  I!W  .'IV  \.!\ 

~iiiiiLir  t')  the  al)  ive,  and  tlit-  pr-  c.  ol'ni.iimi.ic'iiie  f.  ■llows  t!;i'  >aii,e  lin.  -. 
.!s  will  be  seen  froni  inspection  of  the  conijiletelv  fortneil  '  sliown  in 
I 


"I  i:l 


er 


ii;.  I  1151.  in  wliich  tlie  ri'.  et^  \v!iii  'i  !.  Id  il.r  1,  .p!  I.itti  ■  -  t 

111  111-  .  M>-rr\  rd.     'Mil  ~e  ri\  i  I-  .11 '   .It  t  he  jnili  !  !■  111^  1  'i  1  \    I  \   t  lill  il  \  1  '  t  h  .il, 

•  '  v\vr\  ~.  1  i.nd  liori/.oiit.il  ril>.  .iw'l  "ii  e\ .  i  \  h. .i i/i .iit.il  lib  .it  the  \(rtic;d 

111  the  liiii  ly  perfoiated  h  .ul  shn  t 


il. 'Unilirie-.    'i'hev  a^- i->t  in  li.'lilin: 

with  wllii-h  both  -ides  ot  the  pl.ite  .lie  r.,\-.red. 

/'.  .iiiJ  ('•"'  i  —    .      Pv      .\  \        ••:  —  i- 

i'litchett  aiiddiild,  and  the  l.le.  tile  d  l'.,wt  r  M..i.i^-  1 


iinp.my, 


1-  -how  II 
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in  \  k.  r  nsj,  „!,„  h  ,l,.|,ict«  a  Mrtiun.,!  ,,1  ,,  pnrtiuii  ..f  a  pbtc  very 
siiu.lu  tu  ti>o.,.  ;,l«,vt'  .KscrilH-d,  and  wimh  nn.l-  n..  tuitli.i  ,Apl,,ii.i- 
tinii,  thnugl,  att.  ntinn  may  be  calk-.!  to  th.-  .|m  .  .tn  nctlu  nii.f;  „f  th, 
l.ifti.v  ,,t  ..It.rnite  corners  and  to  tlu-  fairlv  m;,.-ivr  l.at>  and  distance- 
intci-^  win.  h  unm  a  siipp,,rtiiig  frani.  work.  A  (o,„,,|,  t,-  platr  is  shown  in 
I-iR.  I.05,;,  III  wliu  h  it  will  Ik-  M't-n  that  tin-  latti« i,  *fitl  fiirth.-r  strrrurth- 

i-m  d  ,u  tiir  iipi ,  I  ( ,  .rn,  : .  T|„.  ,  ur!..u-lv 
^''■ip<'i  It'    i.iui.d   t,.   Kitrr  (M, 

I'.i^'  I-  ; ;  . 

Grid  TyfM—  .—in  thN  txp.  -  [  n.-,,- 

tivf.  wliich  in  ..no  funu  or  :iiu.tli<  r  ha-  In.  n 
N<i\  i\t.  n-i\,l\  11-1,1  in  th.'  p.i.t,  a  sup- 
l"inip;,-  i^'iiil  xMtii  ni!in,i(Piis  intcr-iticcs  is 
rn.ul.  Ill  ..n.-  pjivf,  n-uallv  l.v  cavtine.  It 
may  be  c  ii.  i.iHv  that  tlu'  ('-luhtion- 
l"r  (-ffc.  ti\i  1\-  ivt.iiniin;  tlif  paste  in  the 
"  '  '         -li'l  are  antn;,-. miotic  to  the 

•  ondition-  li.r  niakinc;  a  suere-~fui  ea-tiiiu- 
and  the  incr.'ntiity  of  invent.  ha-  1.,mi 
'I  '  'I'-ii-'ii  ol  patf.riK  \vhi.li 
I'.'.MRil.  th.M'  (..nllh-tintc  e.inditiun-.  In 
pie\iou-i  editions  examples  have  been  given' 


in<l  the  f.jllowinK  is  an  example  of 


of  grills  in  successful  u<o  in  iIr.  past 
grids  now  ma.Ie. 

m„H.^'r"  ^  -  •  ~  nual,.  l.v  ,!„.  Hart  Accu- 

ator  (...mpan  v  w  -..m.-uha.  .  .„up,.cate.i,  a,  .s  .hown  n,  Mu.  1,054  The 
atenal  U....1  „  th.;  anti„-.onial  I,  ad  referred  to  elsewlu^e  as  b dng  us.  f  J 
m  >n:on.  ary  batten.-.,  and  .lu-  ,nd  u  cast  in  a  chilled  metal  mould  .^o;! 
swimg  of  two  hah.-,  arc 
brou-ht     tcvt!i,r     alter  tlie 
mnlt.  n  metal  has  j  ,  ,  „  [...und 
into  one  of  tli-  ni.    T!i<'  r  uinli- 
catcd  ca-ti-;::  whir!,  \v,.ii!  ! "  .u 
first  sitjlit  appear  imp  —ibl.'  to 

I'l.idllC.       i-      thu-  sllCOs.;fuIlv 

accoMipli-.h..i.     It    -h,.uhl  lu- 
noticed  that  the  v.rti;al  rib-, 
mth  t!.  >r  littl..  1  .l,;:::,.i„  nria„.,les  alternate  .,„  the  op,K»ite  sides  ot 
x."^  plat.  .    11k.  paste  is  pressed  int  .  tl,.  h,.il..w>  ,:„-vi.l.Hl.  aii.l  ai'-  r 
■'vanunary  dry.ncr  the  fonnation  of  ,1„.  piaf.  i,  .■,„„,.i'  t,  ,l  e!v,  tn ,lvti.-aliv 
""^  >'■'-•"'  ".at.  nal.as  ha.  be,  u  ah..Hiv  mentioned, 

expands  >..mewhat,  at>,l  h  thtis  s,.urelv  hcM  in  the  intersti.is 

Manufacture  of  Pasted  Plates.-The  shape  and  detail-  .,1  the 


f  1 


5*.— .Vtti.>n:i;  View  of  P.  9e  *» 


-iikI  E.  p.      C  I 


Tvi'icAt.       i:>  .\'£ti  tr/r/\ 


IC.-' 


■t.\  ti\   I    '111,11111  I    !l  !\  <  II   -'III'  il. 

iln'  K'.nl  iiMiU'.  wliiili  will  tMiii'i'lK 
i-f  ni.iv  J>f.  l)v  I'li'ftri'h 

A--    t  NJlLlill'  i|     111  ill' 

t>  llial  ll'>ti>,  I'.illlc  ll~i<l  /i  ' 

:.'.iini.  .{■^         -taltlll^  p.'llit. 

I  liN  iiiatt  rial  is  m.iiuit.K  turnl 
111  lari;f  'luantitits  a*  a  r«^;iil.ir 

iitii  jf  lit  i-ninnnTc»'  fi>r  otliii 
I     jiuscr*.    It  appi'ars  to  In-  a 
!iii\tnro    I'l     till'     itii'ii"M(li  , 
litliaigi',    riiO.  and    fli<-  ]nt 
uxide  PW);.   but   the  .I'tnal 

"iiiiniTrial  .ntii  !■  ii  i\'  v.n  \  in 
( I iiiipu>itiiin   a-   III   till    <ni  iii 
I II it's  ot  the  two  nNidi  -  jirc  i  lit 
ami    may    not    thtTfl.irf  l>r 
alwavs  com-rtly  rciinsi  ntrd  by 
til.  I'  rnnila  I'l>  |(  •,.    Mnmim  is 
iwiil  as  tin-  >tartinii  pwint  for 
pastt-il  -|-     as  an-  slit! 
-iiaiinfactUK  iI.  but  l"i  —  tlii-l"\vi 
I  tnpliiM  il,  •~inri-  till'  amount  "I  owe 

I'Miititv  of  'A'ctrioity  rf<iiini  il  t  ' 


tlu'  111  \t  -ti  j)  i--  til''  int!  'I'l'  ti  II  o| 
'■■   itiliu  fd  or  j>i  io\iili-nl.  .1-  the 


L 

il.: 

i.c  {.- 

H- 


N'  .  ttivr  I'l.itr. 


Mil. 


it:;'  ,  I'tiO,  i>  more  <t-ni  tally 
II  1.1  111-  iriiiov  i  IS  li-^s.    Till  tlu-or»  tii-al 

l'i|ui-l'  or  to  {X'li'Ni'.ll-r  I'llr  jii'llnil  of 

litli,-rt,T  is  100  anipcre-Iioui^,  wliil-t  to  rt'<lni-'-  ..r,  ;  niid  ot  icd  K-ad  n  ijuires 
i.}7  aini>rri--lii 'iirs,  and  to  juToxidisc  it  rri|iiiir-  'i  .i:  ;p<'n--lionrs. 

'Ihc  l!l-t  -trp  l-  t'l  lll.il^  till'  !■  id  i.M'l.- 
u-id  llit'i  a  "  pa^tr  ■  b\  iiii\iiif,'  with  dililti- 
-iilplutriv-  aiid  of  a  sp,  .  iti.-  ^-ravitv  bctw- .  n 


I'" 


ri'"i  .iii'l  rj"i  ii        i'.     I  'l 
111  >iiiall  iiu.iiiiiti' >  til  til'-  p">.\.l'  ii'! 
tliormiyhly  niixtd  in  until  the  n-iu- 
'f  >tiff  mortar,  somt  wliat  yri-a-v. 


the  purpo-i',  but  liavi  ii' t 
After  niixini,',  tla-  pa-ti 


I  i-  id'l.d 
'Aid.'  :id 
1-    I  ..,11.1 
•  iliat  rX- 

pi-riiiK't'  is  rt'ffji'd  to  prcdnci-  a  l;""-!  n-itlt, 
I  1  il  t"  •  inurii  li.|iii<l  1"-  aiMrd  ,i  l.ilii'  r  ll.lll 
|M^ti'  i-'  ploducid.  wllitll  dor-  Hot   i,l\i-  -.iti»- 

t  irtory  n-snlts.  Many  slitrjit  modifications  of 
thr  nil  tliod  h.iXi-  brill  n-id  tiiin  tiiiii'  t"  tinir. 
with  iii  'M'  or  Ir—  >uri  1 t'l  imjil'Ar  "il  tin- 
pi.  '  i-s,  and  niacliincs  have  been  invt  nte<I  for 
h  id  ,1  \  '  rv  conspieuous  siicre^s. 
i-  appli  'l  to  the  support  and  sonutiine>  forced 


into  contact  with  it  by  pressure.    AccnHn.  f.  tl.e  form  of  the  support 

tlu  M  1  t..  iMrJcn,  or    season,"  as  it  is  call,.!,  I>v  cvn,.,...  to  Z 

a  .uu^plun..  fongh  the  process  may  be  hast.-ncd  i.v  tlu'  um    ,f     „  od. 
ate^  heated  dry.n,  clundK..    If  the  onlina.y  atnH.plK.;/!,.  „  ^^h L" 

:  act,o„  which  nxay  be  of  the  nature  of  hvdration' 

\\lKn     seasoning     is  coniplcfod  tin-  pL.t.-  aiv  ti  'm.f.Mvd  f„  ti 
^nn.„g  tanks,  in  which  the  electroK  t.  .  diu.c.  llio/ o    p  ft' 

^^^^^^^^ 

III.— (.OMPLETK  CKLLS 
platrs  we  can  m,w  pnv..,-.l  t,,  .|„,w         ,i„.  ,    ,„  i  ,i  ^ 



u  .    ■      lulc,  h,.w,.vr,  should  not  I.,  regarded  as  cxhauMiv.. 

'can'; -  i;;::' ;:!:''  ^"^  ^''^'^^'^  the  ...i 

and  th.  u,,lu,.>        tc.ti.,^  l,y  I,v,h„„u-t.r  or  othcrui-e 
theco..d^^^^^^ 

('"•)  Th-  ,.,,h.„N  ,,v.vi.i,n  all  ,1.,.  pL.,,.,,  u.cs,un.-  kind  (+ 
-  ;  .n  a  ,  ,11  ,r,.  parallel,-d  a-  t„  f„n„  .  I,  ,:,,  i.  allT 
•'.f,e  pla....  „n.    ■,,,„].,;   .,  j; 

hoX^'^  rr -am:" 

"11         "'•:u..hulpl,a..>  and  f!a.,.ugh..ut  the  cell. 


one 


CoMri.EiH  Lh:Ai<  Seo'M'arv  Cf/.ls 


(iv.)  The  metliod  of  leading  the  current  into  and  out  of  the  cell  and 
connecting  the  cell  in  series  with  the  adjoining  cell  on  eitlu-r 
side.    In.  ideiitaliy  tlie  modification,  if  any,  for  terminal  or 
regulating  "  end  cells." 
(v.)  The  separators,  if  any,  use<l  to  preM  iit  lim  kliii'j;,  treeini;,  and 
short-circuiting  generally,  and  tlie  probable  effect  ol  sncli 
separators  on  the  interna!  resistance  of  the  cell  and  the  currmt 
distribution  on  tlie  ])l.itis. 
(vi.)  The  screens,  if  any,  use<l  to  minimise  the  spraying  <■(  acid  wiien 
the  cells  are  "  Rassini;  "  freely. 
S'.pjrjli'is.  -There  i-  one  detail  with  rt  ti  ieiuc  to  wiiirh  a  frw  m  iinal 
and  |>rt  liminary  rematl^.--  may  tend  toward-  i  oni  i-im— .    ( )nr  ol  tin-  ditti- 
( ultii--  nu  t  with  in  sc*condary  cell-  aii-e-  from  tin  (l.-i  ue-^  wiih  winch, 
tor  electrical  reasons  explained  el.-ewliere,  the  ^    .md  — '  plates  are 
packed  together.    It  is  obviously  e-sential  that  no  solid  conductor  shtnild, 
"i-iil.  t!ie  rell.  hiidije  the  -liort  di-t.ini  >  Ix  tuei  ii  plati  -  ot  op]>u-ite  ])olalitie-, 
a-  Mieh  bridf^mg  wouUl  ?>liort-cir<  uit  the  plato.  cau>e  the  ili-cluirge  of  tin 
cell  under  severely  adverse  conditions,  and  make  it  imixjssible  to  recharge  it. 

The  ciiiel  faults  by  whirh  tlie  -ep.u jtin;,'  >paee  may  i)e  jiridf^ed  are  b\ 
the  Imckliu!,'  ol  the  plate.-.  "  tre.  ini;."  or  by  -nlliciently  big  piece-  ol 
...  ti\  e  mati  lial  becoming  detached  from  a  plate  and  falling  across  and 
brid^'ing  the  space. 

Tlie  tendency  to  buckle  ha-  ahv.i\-  been  diltu  ulty  in  the  design  of 
lead  -ei-iindary  cell-,  and  it  i-  ai,':.;! a\ .ited  d'aimi,'  piiiod-  ol  hea\y  di- 
charge  or  cliargi-.  It  ha-  bten  griatl\'  miuimi-ed  by  caietul  de-ign  of  the 
^upjmrting  lead  framework-  on  both  sides,  but  this  alone  i-  not  sufh- 
i  ieiit.  and  there'.ore  there  i-  often  in-'  rted  between  the  ,ipp.i.e,l  jilate-  -.ine 
t.'ini  ot  >oIid  ;;/s. •(/;/.,;;;,'  "  -epar.itor,"  who-.  Inn.  ii.'ii  i-  to  k.  ,  \<  theni  ajiarl 
by  a  mechanical  obstruction. 

The  separator  ii^ed  may  either  be  in  the  tonn  ot  in-nl.iiing  rod-  .  r 
introduced  at  inteiva'-.  or  inav  be  a  coiitiiuiMU-  diaphiagm  covering 

t!.    Wihle  >.;Ulau    ..!   th.    plate.      111.'  -e|  .,11  ,ltol  -   ..|   tll.    1  'I  met    t\i..  i..n. 

niouly  u>ed  are  t  ithei  (i.i  il Jiiili:  Jerks,  the  jconL;^  ot  whiili  .ire  pu-heil 
down  Iwtwecn  the  plate>  or  (ii.)  g!a->  rod-  or  tul)es  of  tiu-  neces-ary  external 
diameter. 

>ni  h  ili-e,,niii,uou-  -i  n.ii.i!--.  uhil  i  iianite),ii  tnig  ti.e  t.ndc  ni  y  t.^ 
buckle.  ob\  iou>l\-  do  not  -  ii.  ^\\.,n\  -hort-Liicuiting  by  loose  pclli  ts  ol  active 
m.iti  M.d  or  1)\  "  treeing,"  whiili  niav  -'  uu  time-  occur  thnmgh  a  met.diic 
bii.'-e  -flowing  o.it  bv  <  lecti.  h  ti''  action  Ir'in  the  negativi'  plate.  TIm-c 
f,.r.''  -  li-.AV.  hewev ,  I .  be  1  1|.  .  !i  \  rly  -all  en, nd.  d  by  solid  iliaphi.i..;ni-.  whirl  1 
mu-t.  ol  coiu-e,  be  p<pio';-,  a-  111  j'liin.uy  Ceil-,  -o  as  not  to  bre.'.k  tli'j  cun- 
tinuity  of  the  li>iuid  electrolyte.  Vari.m-  material-  have  been  tried,  such  as 
unglazod  twrcelain,  perforated  .;heet-  of  celluloid,  etc.   The  material  nc.w 


Flectricitv  is  Tin  Seki-!ce  or  Max 
chiefly  u««l  is  a  thin  sheet  of  ^vo,Hl  vvh,,  1,  l„s  l,e.  n  d-.e„ucally  treated 

that  Its  introducfon  has  no  effect  on  the  internal  reM„anec  of  the  cell  the 

mLknc>>    tl  e>  are  then  u^ed  ,n  mnjunction  with  ;,'la>s  f uIh /v.Imli  "uv 

One  of  ,1,..  wooden  s..,,araturs  usnl  by  the  I).  I>.  Battery  Crupanv  is 
shown  ,n         i,.55     The  wood  is  ,.f  venc^r  iJnekness,  about  o-i  .-) 
u.d  .n  th.s  instance  ,s  rihl,,  ,1,  th-  nl,.  h.  in,  a  httle  over  half  .„  inch  a^rt 
"  '  tunlier  t  xaniple  is  given  later  in  Fig.  1,039. 

It  IS  curious  to  note  how  each  manufactun  r 
using  wo,Kh-n  diaphr.X'n,.  a.^nt-,  that  !  k  ,,roce^-. 
for  removing  the  harnifu!  cnstuuents  ,.f  the  wood 
IS  uni.,ue  and  successful,  his  clients  being  cautioned 
aganist  the  use  of  wood  which  lias  not  h.^n  |.r,,,H  i  lv 
treated.  From  this  the  conclusion  may  be  drawn 
tliat  It  IS  important,  and  not  altogether  easy,  to 
II        f  these  constituents. 

Lw^.  and  Connecting  /.'^rs.-Xnt  1,-ss  iini.ortant 
y"  sei.arato,>,,n.  the  e,  ,„,„.  tm  s  wliich  parall.  I 
"•^^m^mmm  tl.e  .|-    and   the  _    j.lates  respectively  in  each 
^eii,         Jia^  be.  II  .  xplained  in  Vol.  I.  {sec  paf.'e 
-1,51.  and  I,  also  fui  tiier  referred  to  in  n  ir  ilt  n',hs 

del:  Mivid'i;:::     ■";  ; 

.h4  hnr;r  .  \  -   p^^'te.  these  mgs 

c.  ll>  ,,v.  n  1„  l„„.  '""-'nuions  of  complete 

Two  gem,..]  „..,l,.,.i,  .„  j„„„„.  „„,  ,.,,„^ 

in  Use.    In  the  (ir<t  t he  .-.  lis  ar.'  ,v  •        .   .               '  "•y.V  are 

the  plat.s  at  n.'ht   1.     ,     ,1   '  j  n  "  f''  l''"'"^"" 

<  ..nnectn.g  ba.>  th.  „  Vw  trai,-N,  i-h  '  


ii!s. 


Tine  II.  /./  ■!:•  Sf  r.'.\:<  iKV  O 


used  for  til.'  l.ni;>-  iind  lioavy  c.  lis.  Kl.rtiually,  tin-  nutlio.l  li.is  the 
:ulvantag<'  tli.it  the  minnt  tlnw^  -tr.ii.nlit  ;i.t-'-s  from,  say,  tin-  -j-  ' 
plate  of  ono  oil  tn  thr  ,  ..iir-.iM.ii,linL;  —  i.l.it.  jiLitcs  of  tho  n- xt 
without  having  to  tlow  latimlly  to  any  apprfCiabU-  t  xti  nt  alouK  tlie  <.-ii- 
nti  tinq  bar.  The  external  resistance  of  the  connections  from  cell  to  rt  U 
H  tliiH  i<(hu-icl  to  a  mininiuiu. 

It  will  he  noticed  that  liit;-  -ir.'  r.  iiuirt.l  fnr  .iii.  ili.  r  i>uipoM^,  naiiuly, 
to  snsfH-nd  the  plates  in  tiu 
mnt.iiiiini;  boxt--.  For  ^inall 
nils  the  same  lugs  Mfve  both 
for  mechanical  siipport>  .md  as 
conductors  to  the  connectors. 
In  lar!,'e  ]ilates,  however,  there 
are  both  -ujipoi tiiii;  .iiid  con- 
necting lugs,  as  may  be  m  cu  in 
the  peculiarly  shaped  lugs  '>n 
the  larger  plates  of  the  Pritiii.  tt 
and  Gold  and  EUrtrical  I'uw.  r 
Storage  Company  illu>tr.it<  d  in 
Figs.  1,038  and  1,033.  The  same 
may  be  noted  also  in  other 
plates  (v.v  I'ii;-.  1,040,  i.o.}i  .md 
1,050).  When  large  wooden 
boxes  are  used  these  supj«>rting 

luu-  do  not  le-t  UJX'U  the  edtje 
of  the  box,  but  on  largi'  slieet> 
of  tough  glass  I  inch  to  I  inch 
thick,  set  on  edge  and  resting 
on  had  strips  laid  on  th" 
bottom  ..I  till-  box. 

A  few  exainj)les  only  <<{ 
complete  cells  are  given  here, 
a-,  in  ordi  1  to  ,i\oi.l  ii  p.  ti 
tiiiU.  it  i..  nioie  eonveniiiit  to  dial  uiili  .  it, on  ixj)  s  of  cells  in  on- 
nection  with  their  utilisation.  Cells  de-igm  d  for  -  lue  ~i..  .i.d  purp..-.  s 
.ii.'  lU-cribed  in  the  next  section  (pages  m.;;  to  D^J),  and  the  reader 
i>  furtiii  r  n  fi  rreil  to  the  section  on  ••  Secondarv  Hatfi-ries  in  Sub-stati"ns" 

{sec  I).lg>^  I-7I  to  i  . 

The  D.  P.  Accumulator.— The -taiul.inl  tvpes  ..t  .  .  11  m  i.i.  bvtli.^  n.  1'. 
Battery  Company  of  Bcikewell,  Derbvhire,  are  shown  in  l  u-  i.nf,h  aii.l 
I.  157.  In  tl'.  -e C'l!-  til''  -.'P.ir.it..'-  .  oii-i-t  ,  f  wo..d.  11  i..d->  .irrang.'d  in  a 
Iranv  as  .-hown  an. I  -iippoi  tmg  w. .o.l.  n  di.ii.lit.i'.^ins  ;  butalternativ.  lv 
glass  tube  beparr  1  'rs  can  be  supplied.    The  cell  shown  in  Fig.  1.050  is 
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known  ,1=  tho  "  S  "  tyi)p 
and  Illustrate,  tlu-  cun>truction 
u-ed  for  heavy  currents  ;  whil<t 
Fig.  1,057  tlu-  "L-  tvjv 
with  smaller  j-lites  of  n  lower 
'  .'pacity  [Hr  pl,,t,>  and  used 
'"I-  sni.iller  currents.  Thiis  the 
normal  chartrin?  rate  for  tim 
I.  S  Cell-  j-  ju  ;iin[.(  i,  .  1 1,  ,  _|_ 
platr.  tl„.  ,,.iie>iM.nding 

rat,- .'.,rt!..- I.  n  il,  i,  8  amperes. 

The  Chloride  Accumulator, 

-riie    standard    crli  ,,) 
'-'"'!■!.■  L'lretii,  .d  >t,,r,i;:,.  Coni- 
I'.i'.v.  l.iiiutcd.  IS  shMwii  in 
I       r."5^.    Five  -I-  plates 
(vv  I-i-   r.041)  a,i,i  ^j,^.  _ 
I'late.   ,vv   I-i-    1.050)  are 
as,einl.l,.<l.  each  set  being  cast 
tri  a  ina-sive  lur  wnh  a  luc. 
as  shown,  to  fi.iin  a  -|-  and 


?.     Il.v  I).  I'.  Aciriiiiuilalor  U, 

>!ji.ilicr  Cum.  n|.. 


a  —    irroup,  can  tlun  I- 

i"t""l..  ■  •iint,,a  Kl..-,  a  lead-Iin,  ,' 

Wur„l.  or  a  metal  box.  The  special 
Jngs  In-  which  the  plate,  ale  Mil 

P"'t'  d  njion  tl„    i;;^!..  i- 

a-  di-tniet  II. .ni  tlir  e,.n 

''"'III:-  In-  on  each  plat,  f|„,,acl, 

wliuli   111,,  .iiriviit   i!,,u,,  ,an  I., 
seen  in,.i.-  di-tuii  tlv  i 

and  1.,.^..     \  .  I      |,,,v  ,  I  , 

J-'t,'-   I-"5'^-      It   IS  ot   Ml,  i,    ,,  ,,,|, 

that  when  the  plate,  ai,  ~u,p,  i,.'l,  .) 
I'V  til,  ir  lii„,  i,,,„i  ij„.  top  ,,1^.,  .  ,,| 
ti"  cU  ample  -paee  is  ,,r,.\,de,l 
b.  neath  the  plate<  for  the  d,  p,„i, 
iif  scihment  foi  ,  |,.;  .  ^  ,.,| 
thus  savinir  Iab,,nt  i„  ,K..,iui;"  ,.ut 
th,'  n  il,. 

Ihi,  1-  one  of  the  accmnulatoi. 


Typical  Leap  Sf:co.yp.isy  Ceils 
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;n  which  a  thin  sheet  of  wnml  of  thf  exact  size  of  the  platts  i>  u-.  il  a-  a 
rparator,  for  the  reasons  and  with  tlio  precautions  explained  above.  Tiie 
woodrii  short  is  supported  by  two  wooden  ro«ls  which  are  5Msp*TtH«1  fmm 

tl'.e  l"p  of  till-  platr  indiarul)t)ir  riiic-  a- 
-iiown  ill  iig.  1,059.  11'^^  f""^"' 
ran  be  clearly  seen  in  Fig.  1,058.  It  i- 
,  i.iinu  1  tor  tlu-sc  separators  that  the 
.  li, mil  al  tieatnu  nt  of  tlie  wood  has  been 
so  eftVctivi-  that  no  change  can  be  detecti  d 
m  it>  appearance  or  comiK>>ition,  even  after 
it  has  been  in  use,  and  therefore  in  continual 
>  ..ntai  t  with  ;!cid.  for  many  years. 

The  "I'lantide"  cell  made  by  t!i>'  >  iii!e 
t  rm  i-  vi  i  v  similar,  but  uses  the  "  Plantide  ' 
It'  -  i!.  -c!i!h1  "U  \k\'^'-  lojl  a-  -|-  . 

The  Hart  Accumulator.— The  -tandai  l 
cell  of  the  Hart  Accumulator  Coir.iMin  i~ 
■^howu  in  l-'ig.  i.of'io,  in  which  appear  tiuee 
l  olK  joined  up  in  series.  This  al-o  is  one  of 
the  cclb  in  whirh  wooJeii  s.'par.itor-  .n.'  u-e 
raade  out  on  tiie  lii^un 
mary  on  pai;  -  10 jo. 

A  feature  of  tlu-^i 


a>  Well  a-  othi  r  il  t.iil-  k  feiieil  t 
cells  is  the  uoti-coiiosive  tenuina 


-Woutl^n  Srf  tr.iloT  ■  i^«a 
"ChlotUe  tell~. 


iivl  these  can  1»-  clearl' 
m  the  -uiii 


of  which  an 
eiilaiL'eil  view  i-^ 
I  II      ill  I'it,'. 
1,1  o  I .  1  ial 

IcL'^   '■liaj  ed  as 

^il.  .Wll  .lie  I'llI  111 


antimoni.il  lead,  and  th.e  -uiLee 
fittin-  t\\-  '-ells  t's'ether  for  tl.i 
used  to  luabk  .1  iiuich  greater 


111-!  tune  a  bra^-,  repli^.i 


pi. 


to  be  attained  than  wuuld  be 


JiLECTKtcirr  /.v  art  Sek;-.  , 


Mi 


possible  with  a  holt  am!  mit  in  th,.  ^  (.    i  . 

ha>  bc.n  ti.ht.  n.I  up  T  "     .  f;L'''f  ^Vhen  the  joint 

removed  and       place 'taken  b  -  tl^-^^         !t"  7""'  ^''^^'^"^ 
the  sa,„o  nutenal  as  the  electr^'f.  n  j  ,  ' 

sic.n.    Another  a.Ivanta^e  of  th.  .|.\,         T\  ^'^•^""'y'i'^  ^"rro- 

HP  the  cells  wrontjlv.  because  th,.  J.     '  "  '>np.*..ible  to  cu„,,|e 

'■'1"  ^  'n-l  the  -    t;.n„i„al  th.     h.thalf ''T  h'''T"'^  "T  '"" 

ininals  were  brought  together  fr  r        i        .      " '  "'  '  "  "  '^""S  t^'^- 

con^eted  wHho^  the'^£  J:^:^  T^\'^^  ^' 
accidental  rcvers.,1  i.  ,h„.  nvl,  .u.'gl^irdi""'"''^'^'  "'^ 

th.  .,a,K.r  ...  indiarnbber  .  ll/r^;,- i  t  J^^Ca^ 

iiM<i  in-t,M,l  ,,f  trav>. 

awplete  Cells,   it  w.mid  he 

■a^v  „.  ,  h>trat.-  and  <lescribe  other  well- 
knoun  .  |.„t  the  ab„ve  wiil  .ufhce  f,.r 
the  present.  Aclditi.,nal  ilfct.atiuns  „f 
••omph-tf  o-IN  will  1„  ,,,„n,|  ,,,  ,.    ^  , 

'  '"Ti  11 1.  Ncundarv 

Ha tt.rx   -,.rt,.,n  .„    ,i,„  (j,,,,,^., 

Use  if  Speeal  BoTOs.   fn  the  pre- 
<■'•-. nt:  .Jtetratu-n.  ,„  ^,,n„u, 

'll-tra„„K.i«  ^so 
M.ch   lH.Xe,  are     u.n.r.nt.  K.;.„„ 
t  .^.r  tran-jur.n,.     as   tiu,v  enaHe  the 

i  uitlier,  altliMiigh  Kla-s  i>  hnfi 
1-  ii-i  acted  on  hv  the  acM- 
lacki  d  ..r  J)r<.ki  n  hv  ixMi^si,  , 
■■"n^ratnv]vh.h,.    l-r  lar.e  .ues,  h.wever,  ,1a,.  .s  e^-n  v  • 

li'-  a.e  aNn  certai,,  at,,      i„  uhui,  gla^s  h.x      *  Til 

'         .„.e..,,at  eaMh .  and  „„.  .hich.  th^refir;;  J^^e  ^..^.t^"^.  '  , 
.iniiii,  ve-,>el  iini-t  h,.  (irviM'd.  '      --'"t.i  «■  cun- 

';'''"■'''^■'-■'•^•!'t.•'l:.re.  asarule,  eith.  rleMl-h, 
1  HVfal  h..xes  thi.ti';h  inllv  ,  .  ' 

-  «  MHte,  which  is     xpe„.  ve         I      i ' "       V'^""  ''^^ 

^"•"'-i'-  .-1.  in  >o.ne  ca.es.  descriptions      the  s:n.^  ^ 


comlitiuii  (,|  th, 
distiirhm-  tli,  m. 
-tn.rji;  iii,,teii,i|, 
•ilinealed.  js  ,,iilv 


plates   t,,  he 


"^V  ii*-|)erted  with.-ut 
'       i-  i  lairh  --iff  and 
|*'i>erly 

■lows.      It  is,  T*r..'-.,V.T. 


Larck  Li  a:'  Sscwn  uy  Ce:ls 


UiM'S  usi-il,  win  l>i'  I.. mill  in  the  ti..ii-  uu  "(.'fll-  i.'i  '  i.il  I'lirpo-.  - " 
•  !iitni\,  uiiil  on  tlir  use  of  '■  >r(  niui.iix-  i;.itti-rii'»  iii  (i.  iii  i.itiin;  ><ul'- 
-tiitions"  u'la-.i:.'.  .  N\'f  tluirt'  ir  niily  ilhwtratf  Iut<-  in  V\il  ihiij  i  iir  <  \.mij>lc 
lit  heavvcilt.  in  kail-lined  wunili  n  txixc-i.    T!n>i>  an  tin  ',5  pl.iii  '  L  "  tv|" 


ot  crW.  iiLinul  ii  till.  4       T!i.    I'riTilit  tt  ami  GuM  and  Kl.  i  ttii  .il  Vnwi  x 
St^-i.i-.-  r. '^p.niv.     I'll'-  '  ■iuj.l.tr  ,(  !',  wt  i^li-  !        ll-,  I'l      .uh'  i }  i  wt  . 
i;h  i-uri->.  Jui  In' j^ij  111' li'  -,  .iiiil -t.ind- ,;()J  uu  111  -  liii;li  Ih^ni  tlit-  \\i"iil.  1 
-  iiiports  to  t!i<  t'i,>i't  th.  '  -.nn'i  ti  i  har.    Of  tlii>  virtica!  Iitiglit.  h<  \vi  \ >  1 
'       15I  ini  1,.  -  ;    iccu'iinlliy  tlir  ai livt- surf.u i' (>1  tho  p.  itt-.  \v!»irh  an  al- 

I^i  lUclu  -  I'll'.l,. 

IV      'it  r.--   I"K   Si'lTIAt.    Pi  KPOSl 

Th''  ni.'i.  iiiii"'i  i.ii!;  1'  I'l  »  '  •  .r.rv  <  i-ll-  ill -I n!"  1!  i-  ■  ■  ",'t' 1  an 
th.i~c  will.  ';  ,11.-  .  !  1;.  1.1;      ]".\Vfr  m  In  111,  ~  ui  ^.  lu  i.iliiii,  aiui 

sul)-!-!.iti  ii' '    i>   iii  li  '   'li'tii'    'ii-ttibutimi  I'i  1  "W  ;  .iiid  li>i 

ilictiio  ii^iitmu.  I'Ui'!!'  ,  i.'l  '1  •  ;  ■  tir.  lUvtv  an-,  iti  aililiti-ii,  olli' 1  il-r- 
1,,'  -r.  wU'!.!' \"  I  '  ll-  111  \.'    li  tii'  .:■  Ill  n  i  i~  ^iitti' !■  i;;ly  i;.iat  t')  Waiiaiit 

th.      -..l.i.  t;  I  a  !  iv|-  .-.  ■  •  n  will.  I:,  wl'.h  i!i  |':in.       th'  -.-m.- 

a>  tri        >vi\  li.i--  !>■  ■  i!  ill    iiti'  i  in      :  iiN  —  a-  1"  i  i-  W'  li  .I'lij'ti  .1  i.a  lii' 

>[li  Ml  :  'il  ;>   -■    f'  I   V.  'li,  1:  !|   1-  [•  'i'Ulr.!. 

\ni  ■  ■  ■■  ■  ■■  :  th'  ;■:..!  pMi  p"-  -  lUav  :  I,:-  '.  '  'h- 
,  |,A.iri''  .     ■  ..^  -1  i:  !!.'■  pi". ui-i. Ill  ot  N.iii.         i.i  th' 

i^iiiti' n   .iir:   h»:liti!,.   iii.i;.!-  'i    .iiit.  iU"l'iK-,   ai"!    n      i.  i  ii.'tlica! 


ioj8 


m 


l"l  |...tll 

"■'111  I'iy;-.  i,<.(i4 


';'      "•"^-'i".-n.,.,  ,i„. 

■''"I  !  "":v  will,  !i  ,1, ,    ,  . 

i  .,n.I  -I-    plat,  s  alroa.Iy  .Lsmh,  ,i  .,„    .u,.  j.,..,s  ,„„1  1,^5. 


■""1  -|"  ■  -'■•■tii.iis  I.  -|„vtj\-,  Iv  .,f  tJi 


TitAIXLlCHriXG  Lf.ap  Ssc  wDAKy  CF-US 


low 


riifV  .iri'  )'.i>tnl  —      .iiitl  ri.mti-  .  .mil  nii.i-nir  ^\  iiu  1p-  \<\  ^\ 

1  ulirs,  till'  — '  Ixiiij;  ~  mm.  thick  .mil  the  -(-  <»  iniii.  tiiiik.  lln'  Iuk- 
iif  the  separate  platfs  an:l  the  paralUlint;  pmIs  of  tliv  section  aro  fxtt|>- 

ti"n.ill\-  in,i~-i\i'. 

,1-.    .irt'     t  lir     ti  I  - 

miiial  hii;-.  wlui  h 
are  i  iiuli  bv  i! 
inch.  Tlif  l.itti  T. 
It  will  In-  iiotii  1  11. 
aif  lull^^■r  lliaii  ui 
iilU  for  K'wr^il 
|.iy]ii'->-,  til''  "li- 
|r^  t  hi  11.4  I' '  ki  1  |i 
I  lie  lljipi  l  -111  1.1'  ' 
i.I  till'  fill  tliil\  t' 
W.ll  IxliiW  til' 
l.Arl   ,.|    th"   ll'l    I  ■ 

iiiiiiiini>L'  -|>l,i-li- 
iiit;  nver. 

Wni.il  -1 
t'il>,   -tU'll  .llr 
ilO'iM'i  ii  ''1    I'l  ->■  ■ 
wluTf.    .irr  ll-i'il. 

.mil  till-   -"  tu.ii- 

If-t     nU  th'' 
•  if  Woodrll  i  il'  " 

^hown     in  l-'ii;. 

I  iiii'i,  1\ iiiL:  ' .11 
till'  li'iti'iiii  I't  I'l. 

hux.  It  sh'iiii'!  '  ■  ii.'U  'i  t.'i.it  til-.'  rc-uiii;  lii^-  ,ii'-  'iiu'i  n  iitK'  I'l.n-i'il  "ii 
till'  -]-  .unl  —  ]iia!'~.  tlui--  :nnii;iii-ipi;  tin  il mnir  nl  •^ln'it  rinuit- 
Irmn  m.i"''-  I'l  ti'l'-n  -'  'lini' i.t  hii'Litm  tin-  -par.'  hi-t\vi'"-n  a  -f"  ■^^ 

—  i'!..i'. 

!  ::'    ■  rli  liliii!  ll,l--  -lAilUi'U   pl.iti  aiul 

1    '  .ipai  it\    "I  ,tlll]M  !i'  hi.l!!';.      'I  llr-f   n  il-, 

V'.il'll     |il.Ulll     VniilT     .1     l.ll!\\    i\     '",!i!l.    ll'l.'.    ■  l:l\' 

i.'-  ' A.llllllli  il  .it  liill^^  llltil\  il-  Ml  tin-  puip'.-r 
■  '  iililiiii;  w.iti  r  .1-  nquiirtl.  Il  i-  rl.iiiiii  il  tli.it 
ill. A  ni.i\'  ii'ni.iiii  111  -iivii  r  lui  t\\  ■  '  i  tlin-i 
\  I'.'i  -  \v  it  !i.  mt  lifitiu  .  .jH  iifi!  ii)>  l"i  iii  -  j " '  1 1.  .!  .mil 
i,|.il  tl.it  -'iiiii'  I'l  '.in  li-.i.!m,  i.iih\,  '  i;.,iiii'- 
Kiveiix  '  ;'i,i"i'>  -(riiiiil  11  \- I'l'll^  ill  MTviic  tlii-  liri'l'.iu  In.nilli'  ii.  ■  i —itv 
M    1,    n*  ('.itKnin'.;  i  .iii  1'  ■  appiiciati il  as  tciidint,'  t"  «-r<'ii<)inv  I't  tipki-i  p. 


I).  1>.  r..ii.,  I.^hlin.;  Oil. 


I      i,u6,.-  ^ 


\Vh 


it  1-  Il 
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EtECTMKm-  /.V  THK  ScKriCF.  OF  J/.,y 


Similar  to.  though  not  so  hwu 


Ship  Lighting.— For  liRhtinsr     s|ii,>s  ,,1,1  v  „  1,.  .1 
»ilar  to.  though  not      ^-vJ,.  ^    ',,  !      '    '"^        cn.l.tu.ns  are 

"  I.  ti.nii  lij^liiiiif,'.    Thf  special  cflk 
arr  tlK  Til.  u.  ii.>if,M„  ,l  i,n  mn,  h  th. 
Nim.-  Iin.-,.       ,„;,v  1...  ^Mtlim.l  fr..iu 
■ii^Hrt,,..,  ,,1  |  „^  i,,«,7.  which  ilhis- 
^l^l.-JlKl.tlng  c.-ll      nu.l-  |,v 
Mart  Acnimulator  ComiMin  .  wlm,,. 

!■'  .!■  -  l.rrll    I",  f,  ITcl   to   (Ml  |,,-, 

;  lu..,,    •||„,  ,j,,,.„,  j,,^. 

"It  .,.A.,\-  t,,  -1,,,^^.  t|„.  constnirti.in 
"iM.  h  Mu.uM  b,,  c(,mpar.  <l  wit',  fl,  ,t 
of  th<-  cfll  just  (l.'srrih.,!  :,!.,,\, .  ji,,. 

'  111'  t    Ill'vll.Mli,  ,,1    ,lit„,,,  I,,.,, 

'''"'^  ""t  rr-i  thi-  l...tt..m  ,.| 
"I"  1-v.  whore  tlfi.  is  iUv  .,,,„, 

"1     >t..t„.,;,.,     ,,,|,.  |„.„,„i 

'li'A  ^uv  siipj.,,,!,,!  I,v  nuMiis  ,,:  ,]„. 
•■-"I  ll  inojotmi,'  hv^.  near  tlu-  top  „f 
tliv  plate  on  vub^t.mti.il  w..,„l,n  mm- 
IK.rt.  intnidticed  at  tl.r  ends  1,1 

the  l„,x-.  Ki„„„„.  >,.p,„,,t..rsap,x-arto 
lie  II-.  ,i  l.ctweeu  the  Jilate-. 


Small  Special  Cells  and  Batteries 

of  petrol  „.otor.  o„  a„t<„nobiles  the  cult  r;:":'  l":.;;.;;;^^  ''"'^^ 
~.  w.th  ...  .,,„.  Which  we  are  „„t  ..^...i  h^  or  ^^li^i 
4  volt  t..  i.-^„lt  ...euu.lary  i>att..ry  wh..e  .11.  Large  rate  may  K-  anything 


from  a  IrartioU  of 


r.t.  1,07  . 


can  be  .at.,Ued  „y  .put.  m.uI.  . ,  U.  a.se.ubkd  ...  two-a  U  to  ..x-cell  batteru"'. 


/  \/t:  .\  r;.-        .  ,.v.  A' i  /  .•  /  .v  .' .  I04« 

(.■iiiliti"ii-  .iif  -imilar  to  ilw  i  ..mlitiMii^  !■  r  turn  iii;li!itii;  n  il-.  Imh  tlif 
■  :n  illiit— i  "t  tlK'outinit  and  tin- li  iri'liiK  "-.  i'{  tlic  m  r.  ...n  \  . .  11>  i  .in.«  >  ni.mv 

I  ill.'  ilitti'  nlti'  -  a  -  'ti-lMiii;  til'  'H  tM  •ll-.ipi".  11.    r.\    ■  iif  uli.it  itn  it  i-iii;; 
til,    I/.   .lU'l  1  .ij'.i.       ill'   -  iiiv-  I'.ilti-rv  lu.tv  I'l'   I  ' 'I  I  '  l::;'it  -  ■  n  I !i-  '■  ii 
1  ii'  ••■  .1!'  mini'  I  "I i~  "ill'  I  II  .  -  t"r  till  -f  .iml  .  \-.  m  -mi  ill  t  .  > 

i^tii!ivn  iinA  i\ir-!ii^htin^  (\ih.  l-"r.>in  a  nuniht  i  .  \.  1 11.  nt  t.iU 
is  iilat'lc  a  <rrit  -i  ■>(  tvim-  il  n  il-,  as  m.nl.  l>v  th<-  H  ut  .\i .  iinmlator  r<im- 

I  s .  .(I.-  i1Im-Ii  It' '1    :i  '  I.;-.  1         t"  I.'  7".     1  )■  I  nl  -  ■  1  tip  -[-    ,m'! — 
jiliti--  iiiailr  \i\  tin-.  I'lriii  h.ivr  .ilii.iiK  li.in  i;iN.ii.  aiiil  t!i.iil"i>-  u  will 
l.r"!>ably  Im;  m  xt  «i>nv<>nietit  tn  tahnlatf  tin-  M.jtisU' al  inli«rmati..n  n  - 
y.inlilif?  tlu-si'  i  i  ll-  as  |. ill'.ws  : 


T.\i  1  K  .S 

—  I'Ais    y  1 

, ■.  1 1  r  \  AM 

Cm  -I 

.-,11  ! 

^  .   15  \  I  1  1 

kii  ■ 

II,.',' 

<  ..(w.  -.ty. 

t  I. 

1  -i  . 

\.  ,.1 

.\mjw.-. 

M 

1  ^'  ,1'. 

w 

,:rv  It-- 

.:i  . 

.V 

.1 

^  ■.11'    1.   '  ^  4 

i 

t 

I,"  ill 

'I 

;  111.     -■  " 

I , 

11 
II 

l.ll'i  i 

5  " 

.1*,, 

(,  in 

4i 

111      (  . 

11. 

]>. 

40 

5l' 

\ 

in.  (» 

Ill 

II 

The  halt  It  ios  arc  f.ait.iitnil  in  stroiitj  t  .lliili.iil  h.  .\i  s  uiili  s,Ml,tl  lids  .iihI 
nnn-i'orr.'-iv r  I'.i tiiiiial-  ;  tli.  r.-  ,1  \.  iit  plu^  111  f,i.  h  ..11  t..  pi.'Mil.' 

ti.r  tin-  i-siapc  (li  till-  I  Irftri.K  ti(  a-,  s  .lumi;,'  rh  ii  j;iii^'.  I  li>  \  an-  -iipplii  ij 
in  tf.ik  crati-s  i>r  in  nvt.il  ..r  tt-ak  Imxis  pr..viili>il  with  ImihIIi's  for  jmrt- 
•i' :!it\  iiui  with  tlif  tiTininals  hri»in;lit  to  tlir  uiitsiilc.  Th'  sf  portahl.  hat- 
t'  Ill  s  .111-  stanilanlisfd 
lip  to  ij  volts  an<l 
ampiTt-liourcapacitv. 
with  a  miximuin  ilis- 
1  li.ii^i  I  urri'nt  of  15 
.imptK  s. 

ittt;  /.'.  '  .  As  .1 
final  f.s.iiiiiik'  ut  sni.iU 
srC"!i(lai\  ixlls  1  .|  a 

snivi.i!,    h'.ll    n-i  till,        ,.  .     ,   .  ,      ,,  .     .      c     J     !■  .. 

1  r  IS.  I,  71.  -  se.  .11.:  ,rv  Cc. .  :  t  .1  tl.cu  vo.!.-.^.-  .Set  jitl.ir\  l.ar:'-:% 

purp'.sf,    lit,'.  1,071 

slj.iws  J  s.i     \  fiiti  .  n  .'lis  ill  L;la-s  Ii.  .\i  -  i!i..Miii'.l  ■  n   i  w  In  M".  k 

aliout  ,.0  Hi.  Ik  s  loi.i;.  aK.i  madf  1>\  tin-  Hut  Ai .  iituuJ.it.  .i  (..iiipan\. 
Kach  ii-U  cuiisists  of  two  j)lat'-s  ..iilv.  latlu  r  widi  lv  s,  p.ir,iti-d,  and  tlu' 
Itm  .'I  til.' -|-  o{  line  . '11  i- Imint  nil"  liii;  "I  tin-—'  "t  tin  ,i.ij.i.-iiit 
n  il.  riif  two  can  t"  l"i,'i  tlirf  lutrd  "lit  "I  tli.  ir  11-)...  ti\.-  .  i  ll-,  a  di.\  it  i' 
rmpluvcd  nianv  ytars  at;<>  in  1. 1.  t;i .ijiliy  tor  tlii'  /iii.  s  and  <  opper^i  o£ 
primary  hattcriw  in  strii-s.  Tli.-  fi^uro  itprc^iiits  one  <  1.  im  nt  of  a 
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Et-hXTKiciTY  l.\  THE  Sf.R\  ICE  OF  Ma.\ 

liigh-vultaKc  l.attm-  f.,r  tr~tin,'  w,,rk.  Tin  ..K.„u„t  u.ll  pv.  fruin  „, 
3.-.  volts  on  ..,,.„  circuii,  and  l,,,ttna>  up  to  5.,u  volt,  or  more  can  i>- 
..  t  up  In  a.MiuMiug  a  mUIui,  ,u  mimlHr  of  dements,  thomjli  in^ila- 
t.on  must  1...  carefully  attc-n.le.l  to,  eh  m.  nt  l,.  i„^.  nl,.,  ,'.l  ,„,  ,wm 

gass  mstalators  of  the  ust.ai  pattern  pa,,e  .-14,  \  „|.  1.;.  l,,,  current 
•"""''■'Me  ,.f  curM.,  .,Mite  Muall,  the  normal  rate  of  ,li>charKc  beini; 
o  CO  to  01  .nnpen  .  though  o     ampere  can  oe  obtaintd  if  required. 

V.  —  nil;  WMKKINi-,  ill--  SI.(  on  i  ..\K  y  ii:i.LS 

In  this  section  on  the  "  worknit;  ■  a.i.l  m  the  n.  xt  foUouing  .ection  <.n 
the     .are     ,,1  secondary  <ell>.  attention  i,  chiellv  directed  to  the 

■"dividual  cell.  The  treatment  and  re^ailati..,  of  .To„p, \a  h  .td  o„darv 
cells  or  batteries"  is  reserve.l  f,.r  Cha,>ter  Ml.  o„  Sul -station- -  ni 
-".uTtion  u„h  ll„  ut,l,-nt,on  of  the  cell-  lor  engin.ering  purposes. 

'  'c^'d  >e<  ..ndaiy  cell,  lu  iui;  primarily  a  piece  of  chemical  apparatus 
m  which  the  various  chemical  materials  at  ditt.  rent  times  a-Mune  more 
or  le>s  unstable  ami  som,  time-  d.  K  te,  i, ,  „,ni,i„,mo„-.  .,f,,„  „, 

he  Pl'.vsu  al  con.htion.  of  ,en,per.„ure,  mechanical  vibration,  etc.,  it  follow, 
t  Mt  111  the  CM  ,.l  Mirl,  appar.nu.  ,  onsideration<  have  to  be  kept  continu- 
;>llym  nmul  qmte  dUferent  from  those  which  ar,  important  m  tl,..  ,-,,n  ,.nd 
i.KUntcnance  of  tnoving  machinery  or  other  electrical  apparatus.  It  would 
require  a  tiviti-e  f.  eiii. ,  niinutelv  mto  all  the  varied  cases  which  mav 
aube,  and  to  dcM  nbe  the  treatment  proper  in  every  possible  continge.u  v 
\ery  much,  liowever,  depends  ujH.n  the  wav  in  which  the  batterv 
IS  used  as  a  source  of  enei^v  whiKt  under  .Hm  har,.  ,  and  a.  an  absorber 

cap,ult^  of   he  Katery  ,ts  ,l  storehouse  for  ener^v.  and  also  as  a  source  for 
the  supply  of  electricity  or  of  electric  energv.    In  mher  word-  the  Mo.. 
Ao«r  storage  capacity  and  the  coulomb  or  the  ompcn-Jumr  output  which 

stou  d  1"  '•i^<--''^'-8^'  before  being  recharged 

should  be  appro.xnn..tely  known.  This  raises  questions  as  to  the  proper 
rating  of  cells,  which,  being  fairly  simple,  mav  be  considered  first  especiallv 
in  connection  with  an  examination  of  the  general  electrical  behaviour  of 
the  lead  cell  during  charf,-e  .ind  dix  haii;.'. 

Rating  of  Cells.    The  .,u,mtitv  of  dectricitv  in  kilo-ronlombs  or  in 
an  pere-.hoiirs*wluchcanbes:dely  taken  fromafullv.  har.ed  le,,^ 
ce  l  defH-ndsupon  the  rate  of  discharge,  an.l  would  he  greatest  ,it  a  verv  low 
rate.    As  till-  .|uant.t  \  I,.,-,,,-  a  conveniei,,  nu  tlmd  f..,  rating  the  cell"  it  i- 
obvious  that  U,r  .l.ariu..  ,  standard  time  ot  discharge  nm-t  be  i^:^ 

• '.    A  practice  ha-  thus  grown  up  of  rating  the  rapacitv  o,  ,he  cell  .,„ 
tlu  total  quantity  ,n  coulomb-  w!,:.  h  it  cm  -aleiv  di.  I,,,i„  und,  r  a  -tea.iv 
current  maintained  for  n„  hour..    U  tin-  current  be  exceeded  the  batterv 
-  une  ainiwrt-hour  =  3,000  coulombs  =  3-6  kilo-coiilon.bs. 
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.iml  it  1- 


,11  I,.'  moro  (luicklv  (Usi)iarf;i-«i.  tun  xvitl,     .liinmi-lM  .1  output 
,,„.it.mt  t..  kn-w  t-r  li>.\v  Iniic  mk  Ii  a  li..ivur  .li>cluir(;f  inav  It  t.ik.n. 
Ill,'  iMlluwiim  t.iMr  luMrini,'  .'ii  tli<-r  p.'int'^  i>  r..mpiU-<l  tiotu  fmuirs 
>l.lii-a  bv  tin-  EUctrical  I'owt  r  StoraKt-  (_"uinp.uiv  :  - 
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111- 
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Tlu'  information  contained  in  the  tabU-  i>  ploti.-,l  -1  .q.hi.-.llv  .11  th.' 
,  urvr.  Ill  i  i-  I  'i--:  an.l  1.07  in  Fis;.  1.07J  ili.'  (ii-cliaiKL' '  iiircnt  l..r 
dilUiviit  ptnod>ot  d.^chamt-,  from  on.-  to  fn  hours  iM'l"tl.d  ayain^t  tl.ose 
periods  as  a  base.  The  r.-iih  i^  !,-iv.  11  in  nuAv  a,  Ihouul,  thr  i.if  1.--  a, 
til.,  tiiiir  I  ilU  th.'  product  of  the  two  al>o  (Ununishes.  showmi;  ,1  l.ilhnu  -11  11. 
the  r  ,p  I.  ,tv  lor  heavy  current  discharKi>i^.  Had  the  capacity  not  1» .  n  aiioctea 
l,v  th.  i,.t..  ..1  .hM  haiue.  th..  .  unv  xv.ml.l  h.iv.'  b.-.  n  tli-'  -lott..!  .  uive  B 
which  1^  plotted  t..  a  c.jn>taiit  pro.lu.  I  ot  :..>.">.  H'-'  nvxv.x^nvA  nifrval 
between  the  two  curves  as  the  time  of  .UscharKe  .hiiiini^h.  .  -h..uM  In-  n..t.Ml. 

\iiotli.r  way  .)f  .  xliibitini,'  th-'  same  results  lia-.l  upon  tlie  lii;ures 
,n  th.'  table  i>  given  u.  1  ....J.;.  «hich  til."  capacity  as  a  fraction  of 
the  ten-hour  capacity  is  plotted  aRain-t  th.'  ~.nii..  1m^.-  m  l  i^'.  1  "  J. 
This  capacity  is  given  in  column  (21  an.l  h  ..btanu  .l  l.\  nmltii.K  iiig  the 
l,.uiv^  in  c.lumn  (n  an.l  (.^1  in  the  tab!.'  ac.d  divi.ling  by  10.  The  m>.-t 
emv.-  ..n  the  right  .  .iiitiniu  ~  th.-  -th.---  .  in  v.-  .'...wiuvanU  so  far  a  one- 
nuimte  discharge  t..  the  -ame  ^.  al.  capa.uv.  but  to  a  iu..f  ..p.n  M  ale 
of  time.  The  results  are  interesting  ;  for  .  ..~t,.n.  ,■,  to,  five-minut.-  .lis- 
,  h  ipv  th.-  .  apa.  itv  lall^  to  S-5  per  Cent,  of  th.-  t.-n-h.-ur  capacity. 

n,.-  m  .Mii.uin  .1  u  m.  u.  V  .liM-h.irge  rate  -.f  ir5  tim.s  the  ten-hour 
rate  is  given  in  the  table  as  ;:ui.l.  m  snecitvin,  1  itt.  11.  ^  tor  .  ipi  .h-.n- 
purp..-'^  wh.'U  uixtating  on  .  ir.  uits  subject  t..  vi.il.  ut  an.l  lapi.l  llu.  lu.i- 
tu.n.  th.  mst't  curve  in  Fig.  1,07.;  being  also  intended  for  the  same  purpose. 
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Ihe  (.tliti  i-oiiit,  wliich  is  of  iinpoitaiicc  to  tlie  umt  of  a  lead  M  cmi. 
battery,  is  the  p.d.  per  cell  which  can  be  obtain.-d  from  th.-  Ivitt.  i  v 
the  different  rates  of  <li~clKiii;f  ,i,  ,ilt  with  in  T.iMr  XI.  Tiii-  im..  drpi 
by  Ohm's  law,  on  1  tlir  v..y\.v.  .end  th,'  loistance  of  the  battery, 
wonM  be  smaller  foi  the  hi-her  rates  of  discharge  even  if  the  E.M.F 
main.  d  <on-tant,  because  althouKh  the  resistance  is  very  low,  it  is 


laiA- 

■nd-, 
and 
.  re- 
not 


. , .  j— 
1 

i 

i 

i  ' 

t — ' 

i 
1 
i 

^  ^ 

I  i 

'  : 

;                   ■  •  '  ■-- 1 

!  1 

lO 


4       5  6 

Period  of  Discharge  in  Hours. 

lie.  1.  11.     SlenJy  C;irrenl~        Mlircni  IVrKi!~  ff  I  )isj-,ar_-- 

negligible,  since  m  the  conii)lete  battery  tiic  resistance  of  the  connections 
as  well  as  the  real  internal  resistance  of  each  cell,  must  be  taken  into 
account.  The  efiect  of  resistance  does  not  a(  ronnt  for  the  whole  ,,r  ev,  n 
the  greater  part  of  the  drop  in  i>.i...  and  tlierelore  it  foUovre  that  the  e.m.f. 
IS  also  changini,',  a:^  niiylit  he  exjiraed. 

Dischargre  Curves.-  -The  table  gives  the  average  and  the  final  i-  i.  . 
but  It  IS  necessary  to  have  more  detailed  information,  and  this  is  given 
m  tlie  curves  in  Figs.  1,074  and  1,075.  In  these  curves— which  are  «ix  in 


Discharge  Cr::ris 


15 


t  .Wo  for  tho  full  p.Tio.l  of  disch.nu^ .  1 •  nn  ,  -  n>  I.O/4  are  tor 
,  -     „vl  S-h.'ur  r:.,,.-  r.^,„-  rnvlv.  .md  tl..  .urv.^  ...  i.^.  1.075  plottod 


la  ;i  in>i.>'  opoli  Uin> 
H  rocards  tii«'ir 
til  1  il  .iiid  rela- 
•  ^liapc-.  art'  rc- 
;  ■,  iit.itiv.'  rurvr- 
i,.r  kad  iiattcrk--. 
but  the  actual 
\.,h.t-  <.f  the  Vi'tt 

in  .1  K'^''" 
depend^  upon  the 
iniipiTaHii''  and 
con.Utioii  "f  thf 
battery.  T  h  e 
curves  must  tlicro 
fore  (inlv  bo  taken 
,m  a  i;.  ncral  L;iii.k'. 

r  1.  e  e  n  t;  r  a  I 
shape  r.f  the  curves 
1-  that  thi  v  appear 
t..  be  iii.ide  up  of 
three  ditlercnt  por- 
tions, the  bound- 
aries between  which 
ai  n.'t  at  ill  dt- 
tinite,  and  brrciv 
more  indefmite  a^ 

the     prIlMd    Mf  dl- 

i  har!;c    is  dimin- 
ished.    These  are 
(i.)  a  starting  period 
durint;   which  the 
drop   is  soinewli.it 
rapid  ;  (ii.(  a  period 
durui«   which  the 
r.n.       falls  <piite 
gradually,  and 
which  ej;tends  over 
the  f,'r.  ater  part  of 
the  pciiod  of  dia- 


-calr  are  for  th.-  -in'^  I-'"""'' 

%        %  ^ 


The  rnrvos, 


AllOWdtfQ    unOH  N31  3H1  iO  8WM31  i«l 
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charK.  to,  .iNcliar^,vs;  and  (ui.)  a  ti.ul  iKTiod  duriiu-  which  thr  v  u 

fa  s  wnh  .ncr.as»,K  rapidity  to  a  iimitin,  v.;!.....    ,n  all  I.  ti", s  Z  \1 

l.lll     ilKIiM-,-,     u-ii!i  thr 

rapidity  ol  tho  discharge,  and 
any  theory  of  the  action  of 
tin;  cell  must  account  for  these 

ch.infifs. 

Charg-e  Curves.— A  know- 
ledge of  the  p.D.  per  c.  ll  of  a 
battery-  whilst  beins  cliarf,'ed 
i>  aNo  of  importance  to  the 
u-<  r,  l)ut  lien  again  only  aver- 
age or  representative  figures 
can   be  given,  as  the  actual 
N-alues  deju  nd  not  only  on  the 
rate  of  charge,  but  also  on  the 
condition  and  teminrature  of 
the  battery.    The  curves  given 
III  Fig.  i,o7()  are  from  data 
^uj)j)lied   for   average  condi- 
tions by  the  Electrical  power 
Storage  Comj)any.    ( )nc  cur\  e, 
•\  A  .\,  i^  fill    the  normal  or 
iH-^t   late   (,|    charge,  which 
should  be  completed  in  about 
eight  hours,  and  tlie  other. 
H  H  H,  is  for  the  m.ixinium  rate, 
uhicli   shoukl    be  completed 
in  not  less  than  4?,  to  3  hours  ; 
a  higher  r.ite  of  diar?^,  would 
injure  the  hattt  ry.    In  charg- 
ing, the  resistance  of  the  bat- 
tery increa.ses  the  nec,..,ii\- 
r.l>.,  but  here  again  the  cliiel 
'iitlen  ni  i  -  ,ire  due  to  increases 
in     the     l)ack     k.m.i-.  The 
curves  again  appear  to  divrle 
into    thiv,.    p,.Hti..iw,  win,h 

merge  int  le  another,  and 

are  the  converse  of  the  corre- 
sponding jiortions  ..f  the  dis- 
charge curves.  The  final  ri.se 
at  the  end  of  the  charging 


i»avHos»Q  ho  isviiOA 
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„,,i,„l       IwxNvvor,  much  mon-  rai 
„  tlian  th.'  .M.m-ix.wlinc  fall  at 
Efficiency.   T'.ir  I'tVw  u  n,  v 

,,t   ,t  sfcondarv  battury  that 
„.  tlu'   ratio  "of   the  «-n.T«v 
takfii  out  to  til.'  .ii'iuv  1'"' 
ui  -is  not  so  oa-ily  .l.  i.nuin.Ml 
,1^  in  most  of  the  other  cases 
Ml    tiaii-1"niiatiou   of  energy 
which  occur  in  el.ctriral  en- 
-ineerint,'.    The  .ii^tntl.l^^  lac- 
t,.r,  which  may  and  often  <locs 
Mtiate  the  data  obtained  from 
a  >ingli'  cxpiMinunt  nr  i  viMi  a 
„nfs  of  experiments,  is  tlie 
mij.ossibihtv  of  estimating  the 
,tati'  of  the  battery  a-  refjards 
the  energy  stored  at  any  perio- 
and  more  especially  at  tlu'  eiio 
,,f  a  discharge.    With  a  gene- 
r  itor  or  a  motor  or  a  kinetic 
,„■    a   >tatic    tran>fornu!,  we 
know  that  at  the  beginning  of 
an  experiiuent,  before  th^  rnr- 
nnt    i-    -witched    on,  the 
machine  v.x  apparatus  has  no 
store  of  energy  upon  which  it 
lan  draw  during  the  experi- 
ment.   Further,  when  the  ex- 
pniment  is  over  and  th.e  cur 
rents    are    switched    "It.  tlie 
machine  or  apparatus  does  not 
ivtain   ii'    an    availal>l<'  form 
any  ol  tlie  .  nt  ri-'v  wliidi  ha-; 
been  '-,'ivin  to  it  diniiu;  the 
,  XI  riuiunt.    Not  so.  however, 
with  a  seconilarv  batterv.  Hu 
rnergy     betWe.  11     cha-  ,e  .lilt 

discharge  is   retained   111  tli. 
battery  as  energv  of  chemical 
Mparatioii.  .uitl  no  me.ms  liavi 
vet  been  devised  of  nuM>uring 
this    stored    energy  directly 


.id.  .ind  CoVer>  ,1  g  <  ater  dlltelelKe  i.f 

the  end  of  the  .lischarge. 
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f  .Uax 


N\t-'  luithi: 


umicr  tliu  coiiii  i,  X  u„i,iiti..„,  .,1  u-uikiii:;.  «e  i„  i- 
energy  i.r<\u.u>l\-  yXorviX  in  the  l>attery  wi'  may  al 

wlit  n  ui  >tart 


t"    lil.LW  llj„,|l 

"I-  how  nm.  h 
of  thi-  (iiit;inal  t  iHit.'y  or  <■!  tl:. 
t  lu  rtjy  we  Imvi-  juit  in  tlnriii:, 
t!l''  e.Np,  iiiii,  nt  ni.iv  lie  loft 
Ix  liind  \\\wn  iau,li. 

I  niler  tliese  circumstances 
tn  obtain  even  a[.!.:,.-iniat.  ly 
accnrate  reMilts  a  l.a-r  niim- 
1"  r  .>l  (iiar^r-  and  discharRes 
>liniil(l   be   taiven.  everv  pre- 
cautir.n  heins;  used  tn  "insun- 
tliat        ((.iiilitii.n  (.(  tlic  b,it- 
ter\-  siKill  be  l^i-pt  a-  constant 
as     possible.     There    is,  of 
course,     no    dittirnltv  al>,,iit 
m.-asurinc:  <hnin^'  <  x-K  rimmts 
tli<'  artii,,!  input  .m.l  output  in 
watt-hours,    cither    hv  watt- 
meters or  other\vise. 

lilt-,'  points  Inin^  „, 
the    l-:icctrical  Power 
Storage    Company    yives  as 

clliciencirs  whirh  ii'  j.  j,,,.. 
pareil  to  j,'uanillte,  ,  the  Values 
wJiich  appear  in  Table  XII. 

Tai  lk  XII  — Efficiencies  ok 
Skcom.akv  Cells 


I.licrjjy  Kit. 
per  ceni. 
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As  niigilt  lie  expected  Ironi 
the  curves  already  dveii,  the 
c(!icieni:\-  drpciids  upon  the 
period  ol  discliari^e.  In  tach 
case,  as  in  the  preceding  cur\-es, 


Ami  f.Ki  n  i-::  /."■' 


10  I'l 


.  .  ,i„.  pr.  ,"  >■       '  "t       til-  ixn.-l  tumnl  ;.ncl  th.'  .  liars;.-  l..inu  will. 

The  cltKum  v  ,u  .my  i;uvn  .  hm-  .1.  iv,>.K  u,,  „  uunv  ntl..  r  t,.,  -.^ 

,n  tin-  raU-s  ..f  cha.uini;  ati.l  dUcliar^u.^.     1  n-i,i.  r  ,  m  ,\ 

,„,  „.,,i,,„-,  l,.,,t   irn  nti..-.  .nav  W  .ua.l.        tl..  .  il.-.  I  ui..ai  lli- 

ot     >uc  of  ih-       .1.-        '7"^  ;»;^;"'*  >- 

Lnuo  than  f..r  small  plat.-.  Tlu  fuu-,-  -n  lal.l,-  Mil.  " 
;„.,!„■  ri,lo,i,l.KU'Ctrk-.!  >t..r,r,.  GmqMuy         a  IuUmvM  th.    I  lant. 

at  •'«'  F. 

Tai  lk  XIII.-Kfhcif^cv  as  AKFECua-  i^v  Si^i  -    v  I'i  *" - 

I  rii)  1.  "f  I'l-J 

Si/e  -^f  I'ijlc*. 

5     r4     ' *     J  11. .1.1..    I  11""'. 

,,        Uuuij.  Il.mi.. 


rut.    Vtt  cfiil.     V-t  ■■  ;it         '  • 

ri  ''^ 

Ovii  ooo  v|.  in-   /.i  <*  ' 
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The  Nvnikint;  in.  thua  -i  ..htaiwin,-  t!,-  ..ftuirnrv  un-l.r  v.irvm.'  .on- 
aitions  of  char,'.,  and  di^char,.-      l-v  Hi-        .  ..h.  r  ...  w..,nu,  t-.- 
„nmrl.i-  ami  voltmutcis.     U.-o .nlui,'  in-lnnn.nt^  an    t,.  1 i.ni.in.l. 
;,u,l  ,!  watt;m.tcrs  ar.'  u.-.l  it  is  .l.Mrabl..  t-  have  tw,.  '■'-"■nn,  .:-.  ..Mr 

uh.a  it  is  Iving  <lischar^..  .i.  Mu  U  m.tmnu  ul.  can  1.  arran.-d  tn  vvu.k 
cuiit..  aut«niati.  allv  on  liuctuatinu'  I'-ad-.  .  ,  ,1  ,„  , 

tla.  butt.rv  .  au  b.  ..blain-d  b-n.  ..-.-.■d^  -t  th,'  qu.int.t„.s  „l  .■],■.  tu,  t^ 
dt  with'in  the  charg...  an.l  dw.-ha,...  M:-  .alM  ...  th.  t..,.d  Mnant,  v, 
n>.  .-u..l  in  a,v,..r.-!um.s.  ..f  tl,..  tn  !!,.•  Mnula,-  .,u,,niuv -l  t!,.- 

'nibnt  1^  u-u,dlv  r.  h-nvd  t..  as  the  m»pcrc-hour  cliiaaicy.  an-l  in  a  vv.  U-'an  .  - 
i,,f  -.rc^ndary  ban  ry  may  bo  .■xp. .  t..l  t-  l"  "i  i-'<  '   '  l 

riii-  i.iti.i  is  ubvi..u-iv  iv't  an  ctHacncy  m  lis.' 
a.  ih.-  quantitif.  mi-asm.<l  have  bv  tlums.lv.. 
are  unlv  t.ut.,r>  in  tlu'  .n.rcv  xv!,>.  li  th..  .•n.:nH..-r  buv-  an.l  s.lN.  ll»- 
.  f  th  .  rail..  1^  -al.i.  I  t-  th..  -.mio  ditti.ndti.s  as  hav.'  b.'-'n 
retonvd  to  above  in  the  ca^.  ,.1  t!..-  n-,d  .  ttui.  n.-y,  an.l  -.:nil...  .n  t...,  - 
u  -t  b.  tak,,,.  th-  n  -ult-  Ivnt.  ..IH  .  to  similar  cntua-n..  -  . a,  ,n.b- 
„,„,..,.  tim.-.nt.maim,  ammeters  are  svutabl..  instruments  f.-r  the 
measurements. 


.r.',.  r  "I  'I"  |»  r  <'.  lit. 
■  I  nL;uu.  linu  -.  n-r  "t  tl',.-  t.  rni, 
n.i  ni.'i!.  iai\  \  ihir.  i>ul 


loso 


Ei.t.crKinTy  i.y  the  Skriicf.  of  Max 


VI.  -KM  M,  M  A  O-    im.MKV  . ni!    l  i  M,  -,|      ,m,\,,v  ,1,1.,. 

Th-  fM„.l.m,.nt.,l  .,„Mtin-  pri,,,,,,],,  up,,,  wl,„  1,  ,|„.  w..,kin«  „t  all 
Mron.l  uv  ,„   .„  ,  nnn.laturs  chp.-n-l  l.avi-  ho..,,  h.llv  expla.ur.l  in 

vol.  I.  (v.,  pa.i^,,  ....o  ,,,  ..I,).  In  a.l.Uti,,,,,  tl.,.  ,urv.',  t;iven  (1.1,.^ 
I.OJJ  to  I..,;.,,  in  the  last  section  sh„w  in  a  ,  „.  ,al  u.,v  ll,.  .  1.  .  trical  rosult> 

o  iH.  ,,pp  ,,.,„„,  „f  ,1,..  .  p,„„,,,,,„  ,„  „,„ 

" ^''<""<l.  .acmnt  l,-r  the  pm.liari.i.. 

"I".'       l>v  .h,.  ,,„v..s.  but  the  prohh-n,  is  an  exr.v.lin^lv  n„„pi..v  „„,. 
)'o".  th..  ch.-„„cal  p.m,t  ,.f  vi.  w.  ,,,,.1  ..„„„.,  I.,.         „,  |,,v,.  :,',„  |„llv 
work...l  ..nt  even  yet,  after  n.a,.v  v,  ..,.  „:  ...ean  h     Th.s       .i,.e  parti v 
t"   IH'  .  ..mpiex.t.v  ,1  the  .h.„„.al  .■,.,„p,.„,„ls.  «hich  may  he  present  „„ 
'  .H- li  .'t  the  plates  at  a  particular  period  of  cha,«..  ,„  ■!,;,  I,..,,,..  T|„„ 
win!,   the  ,„,t.a   and  final  states  of  the  bulk  of  tl„.  ,u„v..  .n.n.  r.al  .„. 
tic  plate>  a,„l,,f  the  el,..,, ,  ,lvt..  „  .,■»„„,„  t„  .xpl,,,,,  „,..  ,„.„„ 
on  well-known  Inus,  the  ,„her  o.„.p„u„cl.  present,  l.oth  sohd  and  l..,uid. 
..>.■  "ot  without  influence,  an.l  ^ive  rise,  in  fact,  to  some  of  the  n,a  ke, 
pec,,^ar.tu..    Without  ...n,  i„„.  ,r..,.t  an,l  wh.,t  „„,h,  be  wead  u,,; 
detail,  we  can  only  indicate  the.  „„eral  c„ur>e  „f  the  chief  or  resultant 
Cliaiii,'e-. 

A.  ,„,„e  th.ui  once  explained  in  the  preceding'  pa^es.  everv  ar,  u,„„ 
latoi-  stores  not  electrical  hut  chemical  enerRv,  an.l  is  essent.alh  a  pi.ce 
of  chemica  apparatus,  capabi..  „f  „,.„.torminK  electrical  into  chemical 
en..rs,v  and  v.e  v..,,..    S.-n.e  knowle.lge  of  -hemi.stry  mu.t  therefore 
DO  .i.Miine,!  in  the  t(.li,.win,i,'  paragraphs. 

Tlu.  chemical  tlu..ry  of  tl..^  action  of  the  cH,  uhi.  l,  in  it.  b„,,ul  lin.s 
u  wi,h.lv  accepte,l  though  still  M,bj...,e,l  to  ,  r,ti. „■„  .n  certa.n  details, 
ua.  w,.,k,.,  ,M,t  In  (da.lstone  and  Tnl„.  ,„  ,s,Si  an.l  i.SS...  and  is  f..undod 
•■I'""  •'-■tu,d  anahse,  of  the  materials  us.'d  and  wh.Nt  in  „s...  It  k,„,wn 
tl„.  doubl..  sulphati.,n  theorv,"  and  instea.i  „f  ,,.Mnnin,'  that  the 
.■henucal  eff.vt  ,,.  tl„.  ,  „„,.,„  to  .U.ctrolys,.  nater.  H.,().  ,,  ,v,a„U  the 
sulphur,,-  ae„    ,[>( .  electrolyte,  decomj.^ed  by  the  action 

of  tlir  .  uiivm  mt,,  th.  iMiMdaic  ions  H  ,  and  SO, 

Th..  ch.et  chenucal  results  of  ,h,.  t.nnati,.,,  .,,',',1  „mi.l  ,  ,,l'the 
hatterv  are  the  pro.luction  of  >,„f,,.-..  ,„  ui.at  ,>  techn.calK  known 

a.  tive  ,„at.  n,,l  ■■  _,.    a „,  1  -  •  plates.    On  the  -I- ■  plate 

...  ahvady  ..xplam.-.l,  this  material  ,s  lead  pep.xi.l,.  (I'liO,.  a  ,h..,.'l,t, 
cloured  s.did  which  ijivs  the  -|-  plate  its  ch.u,,,  ,..„.tK  o,l..„, ,  wliiNt 
on  the  plate  tlu-  a,-.iv,.  ,„at.ri,d  .p„„,v  l.a.l,  which  is  merely 
metallic  ea.l  in  Mat,-  ,..  ,1„.  .bv,.,..,,.  It  has  the  dull  appearance  of 
l  e  ,n,.al.  In.,  „,  a  somewhat  lighter  grey  cdour  owing  t..  an  a.lmi.v- 
ture  of  w-h.te  lea.l  .u.j  i.af.  M.Uii.c  i..a,l  „-„l.  p,at..  f,„„,  the 
mechanical   backing  and   th.-  .Kcncal   cnductors   behind  the  active 


Theo  ry  in  nn.  DiscMMt'.n 

.     I      1  »  .       Ti.  .  1,    .lilur     -\ihilinn'  .Kill. 

!„.  „  ,,.n,,tr  ni  which  an-  ih.'  k.uh..  ii,  hvh.':;.n    II,.  .."-I 

''''Theory  orihe'bischarge.  m  sm.i,  ,1,,^  ,!>-.,.l.un..n  oi  .lum- 
„-,,l,,  which  >atwlu>  all  th.-  .on-lu......  n.v.-„„s  v.^  t..,.   ,.H  (m.^ 

  ,3,    Vol    I.),  tho  du-mical  actions  ..n  .1.- Imu^     .Imuh.  ulu.li 

ii,.'"         pi.itr  1-  til-  .  Ir,  ti..-M,-,,tivr  >  U-mcm  nr  k,ali..a.-  ...1.1  tl..-  — 
pUi..  'th..  ;  kctro-i.oM.,v.  .  i.  n,.  nt  ...  .......l-'    may.      th..  .l....hU.  >ul,.hat.u„ 

fhiHTV.  '><■  rcpn'M-ntt^l  thus:  - 

/wi:v  />/„/,■ ;   IM....     [HJ*  •  H.S(».     IM-n.     .H.n     .       •  («) 

AV<.«/nv  /.U.  .-  IM. 

llH.  t..tal  actiun  at  the  +    plaf.  >um...a. -1  l.v  ..i.Mn...  .^...1 

,11  nn.bal.ihtv    lurtlv  .Uu-  t.>  the  action  of  the  .■h.ct...lvt..-  hv.  ..o..  ..".1 

,„,nlv  t  ,  ...-.l'  u,v  .  l...n.,,,l  ...  ..„,.     I-....U  tl,>,  i......t  o,  vu'w  l...,l  oxulc 

NvouKl  be  lonn.  a  Uv  th.-  ...  ......  .,t  tl..-  hvar-p  n,  ami  W-  .m.n..hatclv 

converted  int..  lead  sulphate  bv  the  noighbourinR  st.lphun.-  aci.l.  thus 

Th,.  n,  t  r.  M.lt  is  that  l.  a.l  -ulphate  (PbSO,)  is  form.'.l  .-u  l...th  plato. 
an.l  sulphuric  ac.d  .h>app.a..  .....n  the  sohtti.-n.    The  .lecr.-ase  of  the 

density  of  the  s.ilution  du.-  to  tin.  ,1...,>........... -      M.l,.hu,..  ,,.  ..1  w  , 

well-kn..wn  fact,  and  is  used  as  a  tc.t  t..  .Utcm.n.-  tl..'  ..pp.. .x......t.-  >t..t.r 

„f  tlu-  .  .11  with  nf,  vnce  to  its  charg.-.    A  cur    for  a  particular  case  is 


LTlveil  i>.i"-    (I'ii;-  I  " 


Thi^  tlu'orv.  however.  wh.Ut  .•NpL.nun^  th.-  .n..in  .h.nij.-s  AnruvA 
.lischarij.-.  does  not  account  for  the  shap.-      th.  va......^  .li-;  1m,  ^.  .  u.v.^ 

„v.  n  .n  ri.-  I.n;    »"  '  "r.v    "  it  wer.-  the  wh..h-  .-.xp  an..t..,n  the  cu. 
shoul.l  be  .u-arlv  l.....-,u,.l  1,,,..  L.r  th.-  whole  pen...   of  .l.s.-har«e.  an- 

when  all  active  mat.  n,.l  has  be.-n  .-..u..,.-!  ,.>t..  I.  ...1  -ul,,l,,,t,-  ....  1".  1. 

M.l..^,  the  v.M.v.  w..t.ld  disapp.-ar.  an.l  th.-  V.u.  .l.-P  to  /.  ...  .i...t.-  m..  .1.  ..K^ 

ri,,,,.       l„,w.  v.-r.  th.-  w..ll-kn..wn  apparent  r.-cni..-rati..n  ot  th.-  ..11 
..u.-.v.,U      r.~t  whuh     ~h.-vM.  .n  1m.  ,  ^.^.n^u,m:^n.n^.V^ 
bv  Mr    H.bbert  m  the  "  K.la.  l.-j.  uUa  Hi  .t........  a.       lh.-i>...  ot  he 

c.  ll  during  .hschanje  is  «iven  bv  th.-  .-urve  mark-  .1  a,  ,,.  .  ,  p,  whu  h  m  th.- 
narts  a  ..n.l  .-,  -..-da.  t..  .-urv.-,  ,.he,..lv  .iven.  Ih.-  .l^.  l...f,'.-  was  .■.,„.- 
l.nuous  at  a  .  ,..,^ta.a  .  urre.U  -f  i-  . -np.  n-s,  .-sc-nt  that  at  h.-  jx.ints 
c  and  »  it  was  stopped  tor  a  ~h..,t  t,n„-  t..  .A.i.M  t  -...ni.l,  Dnnxu  th.- 
,,,.,,...1  .  f  r,-.t  at  C  the  P.D.,  which  had  tall.-..  L-  I  S5  v.'lt^.  r..M-  t.. 
v..lt~  ,u,.l  It  took  more  than  half  an  h.mr  of  further  .lischars.-  to  brini;  it 

t  Enn  J.f..J'^  liriUnn.ca.  iiih  tJi.ion  t  ..,.o>,  Vol.  1..  "  Accu..mlator$. 


lost 
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lUwn  to  I       v.-ltv    Altlin.mh  tl„-  f.ill  iM  twu.i  tlR-^^  v..|,at:,s         luu.  h 
mon-  r.i|.i.l  ilur,  1„  (,„,  ,i„.  |„,  .,k  ,i„.  ,,..„|t  ,i„,„.,     „„  .,  „.,  ,„  , 
ami  fh..-  .,n.|.,u-l„.ui.  ^■n.„  t..  tlu,  .li^dian^o  ur.uit.    Mi.iilar  but  innr.. 
^tPUr, ;  „  ,u!t..  .„.•  ^)h,w„  ,,t  I..  «h,r.>  th,  n-il  ha.l  iMvn  (lisrI..,rK,-l  f.  a 
1M>.  wt  !•}  v-.lts.  tli.it  I.  iiiiKli  hvU.w  tl».'  u-u,,l  \         ,it  uhi.  !i  m  pr.uti.  , 
a  .lisclMrK.'  K  -topi.,.!.   nnriiiL'  tli-  f.  w  mmut.-  >tn],,M:,..  thr  v,.lt.,t:,.  i.-- 

.-.iHl  on  (l„  ,.  Muni.ii.,,,  ..|  ihv  ,!,-.  i,,,:^,.  tl,..        .,,,11,  ,1  r,t  .,1  t  i  n  v..l(,' 

aii'I 't  w.!>  n.  Mrly  hall  .,11  li.mi  l,,  !,,,,.  ,t  ;,^,ain  1. 11  to  1-4  v.-lt.,.  .such  rtn.vi.ries 
'lunn:,'  |m  ii(k1s  „i  rc<t  an-  i  luinu  teri>lic  of  ttio  lead  struiularv  ci  ll  and 
lulluw  fithtr  a  cutni.K-t.^  di>ciuiix.-  or  a  |wrtial  discharge  at  u  verv  rapid 
rat*'.  ■ 

It  1-  nUvu.ii-  lio,i,  tin  al.ovr  ilut  a. V. .inpaiivinc  tlif  main  reactions 
•in.i  perhaps  as  internu  diate  stay,-  in  them,  there  are  mir       ,no,,-  minor 
and/or  secondary  rea.  ti.MH  sutti.  ientiv  important  t..  alie.t  th.'  rt-ult 
and  wry  lutle  investigation  is  sutiicient  to  rewal  their  preSi  nce,  though 

it  is  not  So  easy  to 
<  vainate  their  relative 
iniportar..  I'he  fact 
I  he  wliuli  phenome- 
non is  very  roinpli- 
I  I'tr.'  and  nii:.  Ii  oi  it 
lae  aii.l  It  only 
]>os>il)k-  lure  to  refer 
to  I. lie  or  two  ol 
the    more  imi'on.uit 

In  ihe  lir>'  pla<e, 
I        ,,  ,       ,  <  henii.  al  analysis 

^lu.w^  ti,at  with  onh.i.ny  cummerdal  plat.>  onK  a  -mall  proportion 
uf  he  art.ye  material  ,>  convert..!  into  lead  >ul,,hat..  a,  ,he  time 
tu  i,,,n,,d    n,,.Ma.:n,n:-  ^1...   e,  !1    .  p.-acticallv 

«lMha,„d.      nur.    ~t>ll    reman,,    pl.,ux    ol    .pon^'v  lea.l  on  tl„-  - 
riate  and  ol  VUK  on  the  +  .     For '  in>tan.-e,    in    the  .x,„,nnen,, 
dealt  wuh  m  1-1,.  1.0,-:    ,h.    puoenta...  of  PI.:,,  .,„  the  H-  plate 
«a>  determmed  at  dUM.nt  ,mu.  daan,.  the  di^char,,..  and  the  curve 
drawn  .how>  ,he  r,  At  the  en.l  o,   the  c'iM  lur.v  there  was  .till 

u  phate  formed  aC  a,  a  no,  verv  ,„.rn,eai>le  se.v,  n  hetwe.  n  the  eleetn,- 
hte  and  th.     ,  tive  niat-  r,,d,  and  tinN  cuts  ,lown  the  terminal  r.D.  in 
two  wa>s,  on,  „v  nUerpoMn,'  a  hi^i,  reM^tance  in  the  circnit  and  the  other 
and  more  .tfect.ve  by  cnttine;  down  the  t.m.k.  at  it^  s.„„t..  h-  tem 
poranly  keeping  ,,„m  the  mu„-,.        „„  aetive  n.a.eria!.'    n'  how- 

ever, the  cell  ,s  allowed  to  re.t.  the  ^cuen  is  broken  through  slowh  at 


/'.'/.'•..•A')    Jl-      H  A'-' 


,„,„„-,  .I'.ifa-WM.      u, a.i.l  v..-  >.M.i.  i>  >■•-'  ••■'I.  O'""^'' 
,„,,.,..■      ..-.-I...U.  I.  , „....„.     n>U  vi.  w  w.mU!       ...m  or  ...niHTa- 

""\ul.  .  vvn  ..J  thogr.i.hul  Mil  m  til.'  ivi..  vmi  n.  ■  ■nivu  .iu.K  l  |W 
,l,..  liu-.-  mav  1x-  a.o.nm.Ml  Ln  1>-  .lunt;.-  m  th-     .ni.  .  .11  n  ^  1  Hi  ' 

,  ,,,  ,lvt..  umn,'ai..t,l\  Min..un.lin^  tl..-  a.  tiv.'  nut.  ii.iU.     111.'  .  tl- t 
,|,-.  i,aw,  a.  Nvv  l.av..         i~  th  d.      ,!„■  ul.  l.  ,  th.  .l.-.  tv-lvt.  h  wak.-n- 
l,v  ,l.-«lphatinn.   WhiM,  huw. Avr.  tl.r  total  vv.ak.n.n;;  i.mv  u.  i  1"  't 
,,„.      -uli,li.iti..n  up  anaiiW  tlu-  actixv  niaftial  mav  b.'  aim      .  oiupU  f. 
.„a  irc^li  H.><>,  .an  onlv  r.ad.  th.-  active  n.attn.l  !.%•  tlu-  4ow  i.nx-.-> 
of  diffusion.'  Now  the  weak,.n..l      i'l  ha^  .>  In.V.     1- 'f- 
(,,,  ,,a^.•  lo^V.  ami  where  lI,SO,  di-app.ar^  L-allv  tl.  ,  m  ..  to 
,.x,-t     Tlh-  '.lu-tiun  H  one  of  average.    \\V  iu.vr  a  imn.W.  .  .1  M  ,M.at. 
1,,,,  ,.t   th-  plat.  -  i;.Mn..   a.lfri.  nl  t:.M.f>.  p.ubaUv  .lown  to  m,..  an-l 
ol  ditierent  sp.-.  ,1V  >.  M,ian, .  .    li  h  a>  it  we  had  a  n.n.th.  r  of  d.rtere, 
^mall  cell,  .n  parallel  u„  earh  pan  ..t  i-laf       <  >«.  -  on-.,!.  ,at,.      v  u.ll  , 
-,  ,„  tl.at  thi.  view  a.T.,unts  nut  only  lo.  tl>e  lope  of  th.  .h-  i>a.^.  ,  u.  w 
UU  aKo  l.r  the  hurea-,.!  -lope  of  the  heavi.  r  d.-ehar^e.  ,n  -.huh  the 
,,,,  ,1  ,-,,„.       ,l,.,pp'  ."ai..  .-       lL>n,      ,u.r.  a-.  ,l,  mak..l«  U  m     ■  hit..  . tit 
l.,r  ■MuMou  to  k.vp  pa.v  with       .>pec.    'V  -Nlun  t.trth.  r  oh.    ,  .ted  a. 
mdicated  in  the  precedint;  para^'rapii.  .         „ . 

I„  .„!,hti..n  to  tlu-  al.,vr  th.  p-  i-  ottet.  a  certain  aiuoui.t  ot  ga-eou^ 
ix^lart-atlon  dtf  to  the  Ube.at.o,,  ,.,  hva,o,,.n  at  the  ^  plate  and 
{he  fomiation  of  higher  sulphaf-  at  th,  _  ,.l  .t,  ^  uh,.h  t.  luN  to 
l„wrr  ti>.'  a^allaM.■  1..M.1-.  and  thereto,,-  the  IM..  Hf-  a.  t.ou.  ar- 
es'-■  lallv  pioniKifut  in  heavy  di-charp-. 

The  above  bvno  nu  au,  .  xhau-t-  th-  .n.r.oi  ..ctiotH  wl...  h  hav  -  been 
found  to  exist,  but  we  cannot  h-r-.  notw.th.taudint;  .t-  .u!  n-t.  puisne 
til-  subi-ct  furth-r.  ,      .       ,  1 

Theory  of  the  Recharge.   "  >  th- 4-   pat-  b-onu^ 

the  anode  and  Hi--  the  kathod-,  and  th-  .nam  nM.lt  of  the  var.o.. , 
actions  is  the  decompo-uion  of  the  lead  sulphate  on  both  plate,,  accor.hnR 

to  tlie  follow!'  J  ov-:-al!  -inatioii. 


(4) 


Positive  pun  ■  l'b><»4  -  [><>4] 

Scgativc  Plate  :  PhSO,  ^  [HJ  -  I'''  -  H.>t>. 

Here  again  the  act.on  at  th-  -|-  '..lat-  -  :n  ■.-  -  M.pli<  at-d  than  h 
shown  .n  eqnat.on  (;>,.  h  probably  take,  place  ...  ..ot  .ew-r  than  two 
stages  ,n  the  fu,t  of  which  water,  in  the  presence  of  lead  sulphate,  .s 
deco,up„M  d  hy  the  -  ,n  ),:.  and  .n  the  >econd  lead  p-roxtde  :s  formed 
as  shown  by  the  equation,  ;  - 

r<Oj  -  .'IH         H.,S<  >,  -  -i.oHi  (3"/ 

2{OH)  -  PbSO,  =  H,SO,  r  VhO,       .       ■       ■       ■       ■  ^36} 
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Till-  main  ivMilt  .-liuwii  in  t(iii;iti(.n- 
a  K(M,(1  t-oinnifrrial  -tv(.n(larv  li.ittcrv.  i,. 

""'litinn  ,,t  tlnni,.  «lurl,  .x,,,,',!  i„,f.„.,. 


'.I'  'iiiil  (4    i-,  as  is  nccc-siry  in 
K'^ti'ii,  .It  least  appn>\iinattl\ , 
Tl,,.  1,1     ,11.  ,   tlx'   ])i<c.'(linf;  (lischart;!'. 

.  n  1    h,,    ,.n  ,h.  _    ,s  a,'a,n  mhuv.l  ,.,  „,,il-,    1„  ..1.. - 

tiuhu.  ahs..rh>  J{>()„  ,,„  ,,„.^,  ,„  ,,,„  ^ 

Com,,l>.  ati,,„.  I,uw.  V,  r,  a,  ,..  Mnuiar,  muUh.  muUndh.  t„  .l,„s..  wh.cl, 

'"'""-^  ■ '  'I-  T!h.  ,  .m.k.  of  tl...  n.l  i.        a",i  w 

till'  (iiii.iit,  am   riM>  as  tiu'  clr'r.'iii"  i.i.M     I   •    i  , 

;  '1>',.  ,„  i,s  ,.„n.  Iun..„,.    Char.in.  .-nnvs 

a.ful...  a.  .  pv.n  m  l-.^r.  i.u;.s.     Th.  v  ar..  f„r  ,,  .  l.ar,..  w„l,  a  .,.„M  ,nt 
™t  ..f       amp..n..  an,l  „,„  ,  ,f.v,.  ,„   ,,n,.f  p.-n.,.!.-  " 

tlu.  points  .  and  .  .     ,  „..  nuv.  .  ,„„  .,f  ^^^^J^ 

afti  T  a  l.K-ak.  ami  tho 
that  diffusion 
W  'mxi  dt  lavcd  givos, 
i>    liifop',   a  sitiiplo 
'  \I>lanatioii.  Diuiiii; 

liari,'.-  acid  i-  W\\\^ 
'■  iiinrd  in  the  pores 
1  the  active  Miaterial, 
'in<l  diffusion  is  fr, ,ni 
within  ontwaid-,  Thi- 
l>nak  fines  time  for 

andwh,.,.  the  cucuu  i    re-Cosed  ti.  back  ..m.k.  hf  MK^r^itS;:' 
and  ..usequentlv  a  smaller  P.„.  is  sufficient  to  start  the  cha„„  i  cur  , 

the t^  rr.  r  r •"^"^^"^'^^^^       ^^^^^  - 

iiR  pl.iti'  ~hi.ul(l  al-n  |,e  noted 

I"  addnion.  p.,l,,n.u,o„  is  caused  hv  the  e^•oIution  of  hvdro.en  at 
tlu  -   plate  ami  the  formation  of  per^nlphuri,  and  iH  S  ,()  ,  ami  hvdn, 
gen  p..roxule  ,HX),,  at  the  +  .    To.anU  the  end  of  "tlL  ie  h 

-iansaton  tnctvases  rapullv  and  .a.  .  l„„.,a,ed  freelv.  ext^U^^ 
av.t.lable  for  th..  purpose.    The  Anal  n>e  of  the  cmvc.  .    t  ,  n  ! v 
japuL^or  the  presence  of  the  ,as  increases  the  re-i.tance  as  lei  I  a 

•  e;  r : i:';:':':;*;v;''^ — - 
.as  huM,h. th;M:;h:^^rc^„  ir^:; 

nesistance.  — Ihc  leMstance  of    1  ^e,       .r.-   -  II   f  ■  • 


The  XE.-i/MA.wt!  .-a  /./      Sf...:y.-AK\  O :  ■  = 

,,,  ,i„.  _j-  ;,n,l  —  pl.iU-.  thniiiuli  whkh  llu-  .  iiii.  iit  ll"\v-  t..  .iii.l 
;',!„,  ,!,..  a.  i.v.  .,ut.  ,.,.l,  tlu-  n.-i^t;.mr  ..f  tl.r  a.tiv  -natmal  inrlu.l.ni; 
,h.  nmtact  roMstamv  Lnw-m  m.H.I  an,l  iLpi..!  ...,,1  tin  ,.  M-tanr.-  -t  tl.r 
,  U-.  trulytr  for  thr  paiti.  ulai  (li~ml.iiti..n  m  .  uii.  iit  «i  i  u). 

Till'  P-i-tana-  of  th.-  li.nii<l  path-^  h  so        ..wiiii;  to  tin  I  n-,     ,  il  im. 
ana  -hort  Im^tl.  li'l""'.  tti-it  .amv  .n.l.MVour  Mioiihl  l-,  an.l 

„  ma.l.'  to  ivdiuv  tlu-  luHalh.  n-.-taiuv  to  a  nun.n.uni.  a^  rv.n  thrn, 
„v'vinL'  toth.-  l,.wcon.lm-tivits  ..t  l-a^l.  n  L.Mn-  a  v.  n  ai.i.,.  .  lal.l.  t.a.  t.  ai 
,,,  ,l„.xvi>.  ivM.tan.  f  ol  tluT.-U.  Tlir>..luli.a-'-^!...uiai!..  n  l....  1- a^ 
,l,olt  and  a.  st..ut  a^  otiur  n  .nM.l.  ration>  permit.  II..'  r.Mstatuv  ..t  1,  a-l, 
l,k.>  utlK-r  metallir  .  Imi.  nt-,  l>a^  a  positiv  tcu.pfiatun- cu.  ttu  u  ut  of  al.o.it 
0-4  per  cent,  per  I    CciitiKra.lc.  .  .  ■ 

YUv  .  l.ctrolvte.  m»U-  Milpl.uric  a.  ul.  l.as  a  >p.Tifi.-  r.-i^t  u.. .  .i.  p' n.l- 
,„,,   ,„,,.„   u~  ;  ,.„r.  ntrati.,n   ami   up-.u   it^  irmpvratmv.     (  ..,uvnt.at.-.l 
„aphm..-  a.Kl  IM^  a  .UuMtv  n.a.lv  .LniM.-  tl.at  of  wat,-r.  an.l  on.-  .tf.rt 
,,t  .lilution  is  to  diminish  th.-  .Uum-v.    >.n.  .  .  a~  ,l,  .nl...l  ,  it 
,    ,.,~v  t..  ttM  tlir  -\nx\{K  firavitv  ol  tlu  -ohuion.  It  1-  ...nv.  mm!  \  '  n-.- 
.l.nMtv  tor  ^p.ntvin.  th.-  stat.-  ..f  th.-  .-K-.-trolvt.-.     N-u  i!-  ..hv,- 
,..„nc.ctm.  ,lu.  ^p.-..h.-  r.M-<a,„.  .„h  ,h.  -p.  ■  Uk  ..avuv  ol  .Hu,,  sul- 
phuric aa.l  has  a  .urio.is  U     '  .j'.-  a  .nnuiinnn  valu.  -.1  I  .;  olnn^  at 
U  C.b.-tw.-.-n^p.-nfic«raviti.;s         and  i-i.}...    \\o,l,       i-  oiu  uiav.ti.-^ 
n.uallv  va,v  Intw,- n  I'l"*  n-,  a  lullv  .  har^.-.l  ."-.l  l  iN-*  n.  a  .1.^- 
charu.-.l  -  .11,  an.l  th.  n  to>.   t!„   r.-i.lan.  .-       tin-  .  l.-.  tn .K  t.-  ,n,  r.-aM-.  a. 
then-ll  b.-.-..nu-s  m..r.-  an.!  n,o,,  dis.har«.-.l.    Tlu- f  anj..  .atun  ■  o,      „  nt, 
as  in  all  ,  l,-.  t,olvt.  s,  is  lar^.-  an.l  m-satuv  ;  that  i>.  tl.,-  r.  -.~tau.,  .hnun- 
islus  rapi.llv  xv.ih  ri^-  ..f  I.  n.peratnre.  an.l  this  .hmnniti.m  is  m..r.-  than 
sutfkiont  t..  mask  th,          ■  >  .n.  tall.   r.-,Man.  ,   ,n  th,   -upp,,rt~  thu, 
a  cdl  at  25  C.  has  ..nlv  about  half  tlu-  r.-i.lan, ,-  a~  tli,  -an..-  .  .11  at    7  (  . 
It  is  th.-r.-foro  desirable  to  w..rk  the  cells  at  .-r  ab.,ut  15   t.,  25  » 

Th,  i.  tual  valu,  .,1  tl..-  i.-i-tan<-.-  ,■(  anv  i;iv.-n  .-.11  d.-i..-n.l>  upon  the 
above  e,..^siaeratu,n>  an.l  up,-,.  U-  m/,-.  b,.t  v.-rv  nuu  h  MnaU.-r  than 
the  resistatu-e  of  a  primarv  .  .11  .  i..  th,  .  a-,-  ot  -n.all  a  ll-  n  Ll-n, 
thap  a  f.Av  tl.on,a>,.lths  .,f  an  ..hm,  an.l  n.uch  h--  m  tlu  ,  a^-  ,,t  la.u,- 
celK  l  lu-re  is,  .nvmK  t.-  cmplex  cati-e-,  sumo  oi  which  have  be,-n  ni.-n- 
ti.uied  above,  a  distinct  rise  of  resistance  tuwanls  the  end  of  a  charge  or 

Capacity  and  Output. -This  subject  ha-  alr.-.ulv  b.  ,  n  .h  alt  w,th  in 

a  pn-,  e.hn/M-,  iioa        i-au,-  .o^.  ./  v</.,  un.h-r  tlu-  t.th-  '  lu,  :n,  ..J  <  ./.s. 
and  the  remark-  th. ..  n.a.l.  ...as  b,  ..  n-a.l  in  th.-  h.'ht  of  th.-  ab-.v  th.-or..-. 

In  tlu-  -ection  n-Uri,.l  t..  w,-  xv.-..-  .l.-,.linu'  with  th,  ,,.,l.naiv  u...k.n:; 
conditiotis  of  batteries.    In  ad.htion  t,,  the  ...itput  b.  ...^  .,n,.  t,.i  bv  llu- 

•  .\  -ulmion  ..f  .iH-cifi.  gr.,w;y  1-21;,  ai-o-  F  .  en; .,i*-o,n.  „i  11,-',         •  ne 
f.pecifii;  gMvitv  I'lfo  t-'iiuaiiij  217^  I'er  C'-'"- 
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I  itr  .if  (liM-h  iiv.  ,  it  i>  .iffiTtid  by  ti'mpiT.itniv  ami  by  tin-  method 
ot  (  IiaiKini,'  (c.l:.  at  <(m>taiit  iMi.).  As  ri'^anls  tfiiiperaturo  the  output 
is  incrt-ascil  l>v  a  rise  of  tt'mi»t'raturc,  and  ajiinars  to  attain  a  niaxiuvam 
of  a  >oimAv!i.it  lii'ch  ti  iiiunMtiiri'. 

Thf  n  laticii-  ..I  tlir  cj[^,ic)ly  tn  the  and  ,,.7;'///  ul  tlic  plates  is  nuu'h 
111.. IV  (1,  ;init(  in  I'i.mtt-fornu'd  than  in  pa>tfd  plates.  Tims  commercial 
Plantr  jilatt^-,  by  whatever  process  formed,  have  a  cai)acity  u-uallv  ab..nt 
I  ampere-hour  per  loo  sq.  cms.  of  surface,  or  '.  ampere-li.iui>  ))er  ixo 
«\.  iiK.  The  limits  ,nv  t'n.m  ..nr-h.ill  to  .]..iil)K'  th.-e  values,  but  th-' 
f'K'iie-  yiveii  arc  very  ne.ir  the  u>ual  projiortion.  The  output  per  pound 
weight  will  obviously  depend  on  the  character  of  the  backing,  and  might 
be  exixvted  to  hav.-  .i  nnicii  wider  nin^'r.  in  pr,i,  tic<'.  Iinwevci',  tlure 
are  certain  limit.itioii-.  .md  the  ii-u,ii  ])rat  tii f  -h..\v>  tpnii  (>  to  g  amjjere- 
hours  jirr  ])uund  for  -j-  ■  for  a  lo-hour  (li>clKUi;e  rate.  The  output 
per  pounil  weight  for  Plante  —    may  be  substantially  higher. 

With  pasti'd  plates  the  variations  may  be  greater,  and  depend  up.,n 
till-  i.ilio  i.f  tile  (|iiantity  of  active  materi.d  to  tlie  -i/e  and  weight  of  the 
grid  or  frame.  Tlu'  output  j)er  jiouiid  m.iy  vary  from  6  ampere-hours, 
where  the  active  material  weighs  2o  per  cent,  of  the  total  weight  to  2^ 
ampere  hours  where  the  proportion  ri-.s  t.i  So  jur  cent.  Tlie  .mtput 
per  unit  surfac<'  of  jil.ite  in  these  ea-e>  will  ..l.vi  .u-lv  depend  on  the  de-ign. 

Vll.      llli;  I  AKi;  OI'-  LK.VI)  ACl  IMI  L.VIOKS 

The  lead  secondary  battery,  or,  as  it  is  freciiientlv  called,  the  "  le.id 
accumulator,"  In  iiiL;  a  jiiice  oi  .  h,  inic.d  ,i]ip.ir.itii-.  the  ml.  -  t..r  it-  main- 
tenance are  ehiellv  inlluenced  by  chemical  considerations  rather  than  by 
considerations  which  are  usually  classified  as  engineering.  The  main 
aim  is  to  keep  the  batterv  in  -ueh  w. >rking  order  tli.it  the  onl\-  eh,ini,'e~ 
in  it  are  tlnxe  ])rodi'.<-ed  |.\  it-  rei,'ul,ir  tii-ch.ir.-e  and  recii.irge,  >o  that 
at  the  end  ot  .m.  Ii  cyde  th.'  b.itterv  returns  to  its  previous  condition. 
The  attainmi:,t  ol  tlii-  ideal  m  actual  ])ra(  tice  is  very  «hfticult,  if  not  im- 
possible, and  all  that  can  be  done  is  f  >  appr.  .\imate  to  it. 

The  fu-t  taet  whi.-li  1,.,.,  ,,,  h,.  r.  --ni-..!  i>  that,  however  carefully 
the  b.ittery  been  nianulartuied,  tlie  different  cells  are  not,  troni  a 
chemical  jioint  of  view,  absolutely  the  same.  Small  variations,  which 
cannot  be  av..ided,  creep  in  during;  tlie  pr...-.  ..I  m.mnlactnie  and  .iifect 
the  working  of  eai'li  cell,  -o  that  alter  .i  peri.'tl  more  or  le>s  prolonged 
diff<  I.  lu  e-  .ipp.  ,ir  which  can  be  ascertained  by  ,[uit.'  .  m>v  tests.  The  first 
esseiiti.ds  of  good  management  are  the  regularity  of  the  charging  and 
discharging  of  the  battery,  and  the  necessity  for  being  on  the  look  out 
for  the  appear.mee  ol  ilit'fer.'iice-,  in  the  belMviour  of  the  individu.il  cell-. 
It  i-  therefore  n. ce— .uy  ih.it  every  ced  should  be  examined  periodically  at 
brief  interval*,  say,  once  a  fortnight  or  once  a  month  at  least. 


,ml  viokiitly. ...  ■  I.t.ra-  r,ul,..„.  '     ''V'  ,|', ,         ,  ,,  ,1  l.v  1  -l.-rs 

(.„  tin.  ..thor  hand,  th.-  '^-^  ^  '  ,  . '^'..Lnu., 


'  V...V  l.'Iv  .urnnt  f,  a  n.mnt  .hu-h.  fur  a  .h-n  pcrunl. 

n  he  ..estruotive.    Th.ro  may  al.-  1-  .-.-  .^ 


,„.,,  ..ven  be  destructive    There  may  al.-  >;  ;•;;';;;;  -;     ':;,:  ;,,,  , 
l„olont;..l,  .1.-  lu.t  ...n.huv  to  tlie  rn-rvat.un  -f  th 

„,,;.;,,,,in.  insufficient  re-ehar.in,,  whether  due  tu  ea,d,^M.e>s 

,       „,,1K  .  tfeas  of  ..ver-ehari-inK 

,re  not  onlv  that  energy  is  waste,l  ,n  th.  ,n..au.  n..,t  ...  -h  t,  .Kn 

„h  .-ano.  a.t.l  Nvhose  chemical  ,  u..ev  therefore  -atnu.t^  W    ,  tu  n  I 
.itvuit,  .,,,.1  uhieh  al..  weaken  the  .  l-etrolyte.  but  that  U  aU.  tend. 

to  deteriorate        rlate^.  ,„  ,  ,1,,.  _    i.lates.     On  the 

Thv  ..ffr.t  1-  .htferent  ujK.n  the  -.-     .m.l  tli.   —  ! 

nlaf  ton  pn.lnnned  a  eharfje  at  a  low  rat-  p....!..-      ',"  7;,     \  .„  ,^ 
.'aterial  .vh.eh'.at.  .nf.  ti.  baek.n..    On  tla-  otl.r   -^^^  , U 

over-charged  at  a  Ui^U  rat.  ,  the  a.  t.ve  mater.al       dtMUt.  ^rat.  .1, 
off  the  plates,  and  is  thus  put  out      aetion.  ^ 

Vt  th.'  -    l-latr  the  re.nlt  of  over-eharnmK  i~       '  aiiM'  ,  ,.1..  -  n 
t,.a;ti^..t  or  expauMott  of  the  active  tna.erial.  according  to  tts  -.ur 
In^  previous  treatment  ;  in  either  case,  the  result  ,s  to  damage  th.  plate 

''"A^ri^plates,  the  efTect  of  continuing  the  charge  until  the  ..-Us  are 
■  t'  is-,inL'"  viL'ofou-lv  i-  to  wa-t.'  <ii.Tt;v. 

'^^ns^cicU  Cnar,>n,..  IVrM.t.ttt  tn^utficient  charg.tv?  •»  --^-v. 
.  vcles  will  obviously  lea.i  to  a  lower  sp.  <  .fu  ^;.avttv  ot  the  .  1.  ■  ttolv  t 
t    tl..  uou-.v.lt,ct....,  ..f  a  portion  of  the  lead  .dphate  .lur.n,  .act 
c       \t  each  chat...  th,'  plates  will  be  ini.triouslv  affected,  and  on  aceoun 

I,.,  disintegrated  a.ul  tall  to  the  bottotu  ot  th.-  ..H^-         ''^  ^'^J'^  ^f^ 
„  possibl.,  back  into  condition  they  shoul.l  b.'  -ub,. .  „  .   t..  a  p.  !  .f,  1 
;,,!:;i„g  at  .  ^.      lo.  .at,..    Tl..~  .,u^  ..ve  the  cell.      .he  p.-..o.U 
.ullkient  chavg.  have  not  beeti  too  long  continued. 

Ordinary  C7i,rrg;«g.-\Vith  tlic  battery  m  go<.d  condition,  a  u.uai 
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vmrkmn  rule  as  to  chat^ging  is  to  give  10  p.-r  ecu.  m„ro  amp,  r.-l,.,ms  tlum 
the  amount  taken  out  in  the  previous  tlis.  |,,,rg,.  riie  rule  liowever 
soin,  wl,,,t  ,  ni.l-  ,ui.i  nHi-.t  l.e  um.I  witli  rare,  as  the  amount  of  recharge 
required  ,.l,viou>ly  mu>l  depend  i.n  the  character  as  weU  as  the  .niantitN 
of  the  prevums  discharge.  Even  when  apphed  the  batterv  should  periodie- 
ally-say,  every  si.xth  or  seventli  <  liarge  be  well  cliarge.l  irrespet  live  of  tlu 
previous  ampere-hour  readings,  and  until  all  the  conditions  of  a  full  Charge 
are  attaiiu.l.  It  the  battery  is  completely  resting  it  should  be  given 
a  freshening-up  period  at  least  once  a  fortnight  ;  an.l  if,  during  the  nr.  - 
ce<hng  fortnight,  there  have  been  small  .liseha.  .s,  the  lre,i,ening-u„ 
period  >h(mld  !).•  corre^poiiilinf^dy  [jmloiiged. 

TUr  first  c  .  V  of  a  newly  ere.  ted  battery  should  always  be  given  under 
the  sup.  rviMoii  of  or  in  strict  accordance  with  definite  instnictions  received 
from  the  manufacturers. 

Ordinary  Dischari^,:  Hu-  i>  iiMially  considered  complete  when  the  p  1. 
of  th.'  lutt.  rv  has  f.ili,  „  t..  an  average  voltage  of,  say  1-8  volts  per  cell' 
or  (i-,s  .  ;/)  volts,  where  n  is  the  number  of  cells  on  the  battery  The  n  il 
controlling  voltage,  however,  should  be  r,  the  k..m.f.  of  the  batterv  wIu.m- 
connection  with  v.  the  p.d.  volt,.:;..,  i,  ^iv.  n  by  the  familiar  equation 

\'       1:        K  C 

Thus  til,  \,iliie  of  V  lor  a  definite  value  of  i:  depends  on  the  current  , 
and  notwithstanding  th.'  I.nv  v..h.e  of  th..  I.att.  rv  iesi>taiice  k  i,  appre.  i ' 
abh-  .liff.  rent  t..r  small  and  laig.-  c  uneiit>.  .Moreover,  the  rise  of  r  towanU 
th.  .11.1  ..I  a  <li>charge  tends  to  accentuate  the  point.  In  this  connec- 
tion th.  .hscharge  curves  in  Figs.  1.07J,  1,074,  and  1.075  should  be  care- 
fully stiulied. 

An  m;;,iii..u>  in^tninu'iit  iiulicitiii!,'  .nit..mati(allv  th.'  i>einii>,il)l,- 
Imal  v.ilu,  ..t  V  lor  varying  value>  ot  c  ha^  been  designed  by  Mr.  K.  Raiikm 

'        '  "»<1  described  in  The  F.lccf-icinn,  Vol.  LXXIII    pi.',  .4., 

for  Juii..  i.jtii,  H)i4.  •  \   .  -i'i 

Th..  automati,-  iv^-ul.iti.m  „t  mv.mi.I.ua  halt,  li.'s  „ii  rapi.llv  fluctuating 
l",,.!-  i~  ,1,  .,lt  with  111  r.Miiiection  with  Mih-tation  w.irking  (.stv  Chapter  Xlir 

Periodical  Examination.  -This  should  take  tii..  form  of  (i.i  a  careful 

inspection  of  the  visil)le  condition  of  each  e  ll  and  its  pl.,tes  •   (ii  )  a  te^-t 
cf  th.-  v..|t,,,i,v  ,,t  .     I,  ,  ,11  ;   a.1,1  (iii.i  a  t,.^l  .,[  the  specific  gnivitv  of  the 
el.ctmlvf  lu  ,a.l,  e.ll.    l.-.,r  i,.,,,        .i„.i  (jj,.,  Convenient  instruments 
have  be.  11  specially  d.-signed  for  se.rondary  c.  ll  w.)rk. 
Inspection.   -Tii.'  jx.iiits  to  be  iL.ted  ,ii..  : 

U/i  Th..  l.'v.l  ,,f  th..  .I.rtn.lvt.  .  «lii.h  >h,,ul.l  never  be  allow.-.! 
tu  l.ill  !„l.,u  tl,.-  t..|.  .,1  th.-  ,)lat.>s.    The  causes  which  intlu- 
eiK>'  thi>  lev.'l  .II.'  .1,  t  lile.l  lat.  r. 
{/')  The  colour  of   th,-  pL.tes,  more  . -p.  .  i.ilh   th,.  |, 
should  be  of  a  g.xul  chocolate  colour  and  not  eitht'-r  litiht 


-■9w.-^*i«.T,iy  iiMMaw- 


Pl-KIOUICAI.   TfSTINC  of  LEAtt  AlCl'MfLATOKS 


io5>» 


[il  l  \ 


(c) 


10 


brown  or  of  a  very  dark.  lu  arlv  l.la>k.  .  li.-  nlat.-  cuLmr. 
tlu-  —     the  spongy  lead  sliould  U-  ot  tlu-   I  .miliar 
typi-  and  not  of  a  dark  slate  col.mr. 
The  ahM'iUf  ol  abnormal  "  sulpliation,"  whi.  h  h  di-tinuui-li- 
able  froth  the  normal  sulphaUon  by  l\w  much  wlut.r  apixai 
ance  of  the  plates.    The  whiter  sulphate  i-  nun  .  undiu     -  . 
.n.l  ean  nnlv  h"  bn.k.  n  up  (if  at  alll  by  tlif  .-.xpeiulitur.-  i.l 
an  excessive  amount  of  .lurKV  in  the  eharginK  current. 
(./)  The  aatness  of  the  plates,  which  should  show  no  signs  of  l>ulgniK' 

or  buckling.  ,  ,  ^  , 

Tlu.  ab>eiuv  of  contacts  between  the  +    and  —  plat.-s  cau>ed 
by  flakes  uf  m  mIc  biitlKiiiL; 
the  narrow  gap.    Such  llaki  > 
should  be  carefully  removed 
as  soon  a^  ubM  iv'  d. 
I  ol'.J^C    Ti-sls.    \    n.at    ])att.Tn  of 
voltnu'tt-r.  constructed  1)\   M«>-rs.  1-ver- 
and  Vi^,'noles.  for  c-ll  testing,  is 
^l.own  .n  I-.g.  1.070.    It  is  of  the  moving 
coil  typ<  .  described  at  p.iu<'  7^^-  ^  ol.  !.. 
an<l  i-  d.-igned  to  be  held  m  the  palm 
nl  the  I'.aiKl.  contact  being  made  by  the 
,pike  t.  wumal  T,  fi\e,l  ..a  the  m^^tniment 
and  bv  the  hand->pike  1,.  whu  ii  h.nns 
the   -e.-  md  terminal.     llie  iiHtnim.nt 
,,ui   b.    u-ed   in  an\   pu-ition.  and  the 
piVMt-  up  .u  whiOi  the  moving  oil  rotates 
are  verv  -tnniglv  ,  ,m^trueted.  and  .in- 
claimed  to   be  ••  undamageable."      1  he 
dr  I-  .graduated  from  o  to   )  volts  in 
,„„..„, „h,  on  eaeh  M.lr..l     .  .  ntr.d  zero.  ,      .      ,         ,  , 

\,eeord  block  can  be  clampe,l  to  the  n.-t.un,.  nt  le,,vm^  the  >eale  expo,,  d. 
aid  IS  eonv.  nient  for  ent.  rlng  th.>  rea.hng^  a~  ni,,de. 

X„,  „..  1  p..tt.  i  n.  a-  made  ;  v  the  Ceiu  rai  Kl.  .  ,11.  I  ompanv  ol  I.on.h  n 
■     i    vn  n  ii"  1  oSn     It  is  also  of  th.- m..vini;  ...il  fvpe.  andhtted  with 
!^v.id  T.nmnaN.  one  ,  ,  b,  low  tlu-  in^tmnu  nt.  and  th  -  ..tlu  ,   1    at  th.' 
■'1  ,  ,    ,  il.Mble  insulat.'-l  w.i...  MUli.  untlv  long  to  „  a.  h  to  th.^  oth.  r 
t..r>mnal  .  ..  the  cell,  when  r,  is  toting  ag  unst  ...u;  tenn.nal.     l  o,  Mn,  , 
C..11  t.-^liiK  the  scale  reads  fr..in  o  to    v..lts.  and  i>  divid.-.l  int..  ..ne-tw.  nti.  th- 

^"sr  ■'^.-.'r.n./v  VVs/s.-  Anothe,  test,  wh„  h  -hould  be  p,M..,l„.dK 
,,„,  :  !„.^api.ll^  apph.d.  w  tl...  testing  -t  th.'  S'-''""'  'I'", 
:!olu,.,  n  -1  ea.  h  c.  li  i.v  m.  a.w  ol  .t  c.,r  :ar .  weight  hv.l.ometcr  -t  speci.^l 
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patt.  in.  A>  the  hydromoter,  which  is  shown  in  Fig.  loKi  ;M  tl.,,t 
111  thf  space  between  the  plates  without  ton,i,ini:  ,  ith,  r  |.l.it.  ' 
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I;  wli  1) 
.ir.-  ut 
i-.-f'-nnt 

•  ^  0,11- 


with  a  flat  reservoir  ami  thin  stem.    It  i~  dn,  ,  t  n  .Kling  wit-  ,.. 
■.cale  usn.illv  extending  Imni  1.0-5  .u  tl„  t.,,.  f.  i-  ;,.o  at  the  h„tt..m 
condition,  that  it  must  Jloat  il.ar  of  the  i)l.,tis  wlien  a  readii- 
Taken,  must  be  carefully  observer!,  as  otherwis,.  tli..  n  a.lin«  will  n.  f  m 
thf  specific  gravity  and  will  hr  mi  ..(  idin-. 

Another  method  is  to  use  .-irciu.-  t^iavitv  Ixads  en.lu^ed  in  .1  'l.r  -1 
i-  sei  v..ir,  a>  shown  in  Fig.  i.o.Sj.    Th,.  r.servoir  has  openir  -  ,t"the 
I.'P  and  bottom,  so  that  when  it   i^.  iimnn-,  d  m  tlir 
the  platt-;  it  is  filled  with  tlie  li.|uid  there,  ,,ii,l  1.  .niptu.l 

''ii"n  nut.  Till'  l)ead-« 
different  colours  and  ci 
average  densities,  and  i: 
'iiul'ii  t.-t  M.iiie  niay  l!-.,-  i;p 
liie  toj)  ,iiid  others  rein.im  .It  tlie 
linttom,  hut  one  bead  will  ii-.i:illv 
be  fnmid  ill  -,,me  int.;  ti;.di.it,- 
pn>ition.  and  tin-  bead  indicates 
I  lie  ippr.ixim.ite  specific  gravity. 
I'lie  m.;lKRl  is  free  Imih  .,,,ne 
of  the  uncertainties  of  tli.'  otlur 
nieth.Hl.    l.iit  i|„.  n,i.|,|,,,r 

''•■•id-  IS  obviously  linute<i,  can 
<'nl\  give  approximate  re-nlts. 
Where  lour  be.ids  as  A\><\\n  .u, 
used  the  densities  are,  as  a  rule. 
I  150,  1170,  II,,,,,  and  i  jio;  with 
threi'  beads  the  densities  are  usually 
_  „    ,  I'I7<>-  and  1-200. 

Condition  of  the  Electrolyte.  In  tl...  regular  wotkm,  .,f  the 
battery  he  dilute  sulphuric  aci.i,  which  constitutes  the  electrolyte  re- 
cenv-  ad.htion-  .,1  H,S(),  dnnng  charge,  and  is  impoverished  during  <lis- 
cl.  •  {sec  pages  1051  to  1054).  The  condition  at  anv  time  i-  a.  ,.,t^,„.:d 
by  i  ..eclfic  graMty  tests  described  above.  In  ..leal  working  the  acid 
o-t  dn..  .d,scharg..sh„ul.Ih,.f,.,lvn.t„i...l  „ii  U...  -n„ ved.ng  V ^Lr^  ' 
n  1.1  the  average  .-..ncntratK.n  of  the  electrolyte  should  theref.r,.  renuun 
':iulung,..l.  ihis  result  is  not  easily  ens,ired,  since  the  con,-  •it- 
Of  the  electrolyte  is  affected  bv  otluT  Van-.-.  ' 

In  the  first  plac,.,  ev.,p,.r.,tio„  i-  aKv.,,,-  ,.,ii,f;        i.^^  j,^,^^ 
>  water  onlv  an.l  not  .,f  sulphuric  acid.   It  therefore  tends  to  concent 
the  electrolyte.  On  the  other  h.ind.  the  electrolyte  is  nn^-vc-'  ••.  Tv 
ot  acid  when  the  plates  are  gassing,  in  which  case  the  bu'hbks'of' .  'i.'n  m.'. 
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Lttnm  ..t  tho  cell  in  an  .n>ulubU,-  fonn,  an.l  .>1-.  K 
i,n„  -  lu.,.iH  n>.  i-  nn,.ri-nnrd  m  tlu-  i;....^  ol  !>■ 

 udv  tnr  natni-al  .vaporatum      tu  intn 

uj>  the  working  1.  v,  1  f  tl.-  l-nr-  r  ,...Mtion. 
^r.  fuUv  so  a<  not  t..  .li^t.1.1.  Uu'  ^.-.limont 
i.,.tt..m    shouUl  !>.■  well  mixed  with  th. 
:■       ,H.l  nut  Muii.lv  iH.nna  in       ..^  tu  tloat 

V,,,  ul  the  .le.w.  h.,ui.l.     A;;  ll.l.ni.sto 

;c.- this  ■•topping  up"  w.itn  n.a,  ihr  l-lt-ni 
,,l.,t.s  l.v  means  „{  a  Mla^^  or  ebupite  l..l.r. 
1  •  •    ■  •  pravitv  ii"t 

.iiltled.  ami 

IK  W    hqili'l  1- 


0, 


r,.  r,  1,1..  ■■  I'.^s.-  pniv  a.  i.l  "t  speeifi 
uiv.a.  r  ;l;an  r       -r  rV"  -I'""''' 
e.nv        '.i'l  agaui  be  taken  tliat  ih 


! 


thi>i"r..  ;:lv  mixed  with  the  old. 

.  •    . .  .tionsnf  thr  Irvrl  ul  tlie  eleetiolvtc  atteti 
the  exp.-.d  part^  bv  the  d>ti.  rent  ehenueal  aet.on. 
„f  M,lT.h..tiuii  and  peruxi.l.iiion,  wlurli  ni..v  t  >k.- 
.   '  -  'l„  v  are  alternatelv  MdjmeiKe.l  ana  .  x 
,,,  ,l.e"  atnu.^phere.    This  leads  to  a  mttn,. 
;,f  the  if  the-e  ..„lv  a.v  M,bie.ted  to  v,,n..ble 

exp.,M.re.  but  li  portions  ut  the  plat.-  are  expn.  . 
the  in....-.vred  part  ol  the  +  wUIIh-  corm,  .  d 
,,t  the  -  NMll  b..ome  niaetive  Ihe 
„bvi..u-  leniedv  I-  tuk,ep  the  leVcl  of  theele.^ro- 
lyte  a-  ...„.tant  as  po^^bte  .nul  not  to  allow  it  to 
1,11  •  ■       Mi-e  repleni^lling  the  lupUil. 

.  ■■  .^div,an..l  .leleetivc  cell  must  be  att.nded 
to  pr  Tnptlv  an.l  ca.efullv.    1.  badlv  M.lphated  .t 
will         heavdylong  before  U  is  l"lly  <  ^''j; 
eive    .  hieh  voltmeter  readinf;,  the  eleetroKte  at 
,1,..  tune  be.  onnnu    '  milkv  "   in  appe..r.uu:e. 

...      „.    ,,  ,  'iui,'ini'  bv  means  of  a  lK)o>tei,  oi  v. 

Therem.uy..  U        ;   ^    ^  ;;  .ji^charges,  the 

disconnect   it  from  the   b.tt.n  .lu  ni  ..,,„„,,,,     .,r  bri.lmn^- 

batt.rv    ircuit  being  mumtanied  mtaa  b>    a  jump.i 

condui  t  r.  ,       ■     j.  jiroleetu'ii 
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plant.  "  "  ^'•^"""™«^««  t"  instal  sjK^ial  distilling 

of    „l  ,„„.,  I,..  „„,.i,.  «..,„1  l.v  ,l„.  ...l.|„i..„  .,f  p„re  sulphuric  acid 
-l"»t'<l  ..yn,  ,„.„„,.,l.     ,,„,  ,,r..sn,n.  „|  .hlonn..  „i  rates   .^vt  ,t,  -  ,„' 

injuriously  inliurna-  th.-  formiiu'  ,,  ti.m  ,,f  ti,     i      .  "  "'• 

Aiu  tlK.  M.ua-  ul  i.n,.untK>s  is  the  almn.^lun-  f.  win,  I,  tl„  ,  IN 

'    s        ,         .  "  ''•■''•'•■"■"■^  K-''^--    Such  Kasos  as  chlorin.-. 

.1,  n    t,..,l  hydrogen  thcuRh  not  usually  present  in  danuv,,  ,.  ,,,„.., 
t't i.s.  nu>  occur  in  certain  parts  of  the  cnnt.  s-  and  .,„v  on,  ,.t    I, '  ,. 

— '^t--'  n--  - 

Ml       .  f    ,     s     ,  '^"^■'^  should  therefor.,  be  ,are- 

r...>.  shouM p.nn:r;:/M:;:;;;i;:''.:-^E  -  ^^^^  »«--y 

"  u^t  IH  feuui  to  the  effects  of  the  inavas,  ,!  av.  raf,'..  temp,  r  ,f  ipv  ,n.I 
"t  excessive  vanations  of  temnentnr,.  K  ,  ,„  .  •  K'  "  "ip"  'f  '  ■  in.I 
snecifu- L'l  ivit,    ffi        •  " '"P«  r.itur. .    I  "i  in>tance,  with  reKar.l  t..  the 

n .     t. . ,      V  ,     ■  ""•  *^  that  it  .hould 

""t  <  VM.l  „  ,„„st  iH.  renunihered  that  if  rv,,'  a,  i.i  h  ,.  t'n  in. 

^.  v„v  at  loo   v..  it  will  have  a  specific  „av,tv  ,„  al„       '  •     .  ,    '  " 

...^:irerz.-^^^^^^^^ 

j.'reater  tendency  to  sulphation.                                      umnt,      ,  n,. 
Low  temperature  does  not  seri„u.K  alf. , ,  t     working' a  i.  ..1  ,.1  irv 

Overhaulingr.    I.  ^  v.n  .l..sind,l..  that  m.m  time  to  tin,.    ,  |,.„I 
->yn.la,v  i,at,..,v  .l,„„ld  he  thon-URhlv  overhauh.,1  and  c  ,  -  1 

nKanled  as  de.rah.e  und.;;:ii;tv'd::;S;nr         ^  ^'^'^^  '"^ 
The  work  should  be  done  either  under  the  direct  sunerviM  ,n  .  t  r 
according  to  instructions  rec-eived  fn>n,.  the  nianuLct;Trs  S  th;  p.;. 
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i.-„lar  ba,terv.  an.l  .t  w-uM  ,>r...Ml.lv  1.  n,.!.  ,..ln„  ,f      w,  n 

„„t  >u.l.  poriodical  ovc-rha«HnK  H  uv..^<^ry 
SinuL.r  remarks  as  to  sp...ifu-  ,nMn,.  ..o,.  ^v\^^  .I   t  '>•  ''  ,     .   '  ,  „ 


I  >t  1 1      111*      1  .»*  I  *  -  ■  -  ■ 

.,„.i.l.,,,li...i-  which  »h..»l.l  1»'  t.1'>  i"  '.■"■■»"«      '1.  .1'"- 


.l..|.-cliv.-  ptil.s.  u    .„  _    -,,11....  ..I  .,  .."  ■" 

If  mm,,  "f  the  iiliil,.«  ,.l  Ih,'  H-    "I  -     '    '  "  ,    ,        ,„  „  .|,„„i,l 

.i,„.,.i.„,.,..i  ,i...t is  .i.-ir..i.i,- 1"  'I';"'. 

,.,„.,„.,,,  .,,,,1  '7    •;;::'■;':!':: 'r;;,ii  h,.i.i  i,.,..-.i.,  - 
,,.,,';:;s:,^r:™—  " 

l),lti\v  tin- tinlinarv  maximum.                      ,     ,     ,            .  ,i  ,,tu.- 
V  .r-.tiv..  nl.ti-  liiM   tliM,  ....  .citv  bv  tl..'  lu.nl.nn.^;  -i  il  m. 

that  it  tends  to  drtori-irat.    tin   -|-    I''  "> 
,,,  ,,.„;„,,  ti„,  _    platos  shuiild  !>.■  ni>la..-.l. 

'''■'^         V  f.tt...l  t..  uld--   th-  iH.Mbl..  rcdu...    ......  u. 

,1,..  p„Mt.v.  s.  \vh.ch  a.v  th.  n  t.Hv  ovvr-c  li.u  l;.  .!  .ui.i  -ub,, .  t.  -1  L  -  .1 
well'  .iii'l  It'.ir-  r,,  ,1   ,,,  ,,1,1  _•_ 

j;:t,;;;.,;:'i.;;t^,:rK:f.p-^^^ 

/iHfWfrf  />/<«/.--N'  need  m.t  necessanlv  br    n-  w.  .1  but  ^li..nl.l 

/<„f«rrf     <  r.  however,  b..  .na.l,.  t..  -t.  i.diten 


ELMCTKicirr  /x  ///,.  Sx/ti  fcf  of  Max 

reriinv.  .!  by  carelully  lorciiiK  the  platt  s  apart  l.v  trmiK.rarv  s,.,,;„atnr.  ■! 

ebomtf  ..r  oUut  suital.l,'  matoiial.    Alt,  i  tli.  ,,|..t,'.  ,.n  i.  -t..,,.,l  to  ,  «  

heahhv  conditi...,  th.  y  .  an  he  >tia..;ht..,K.d  l.y  piv^^uro.  carefully  applu-.i 
after  inserting  ch  an  WKHlt-n  blocks  ,.t  the  correct  thickness  between  them. 

Vm.   -THE  NK  KKI-IROX  SKroNPARY  t  KLL 

A-  I,  lu.iikr,!  rl-.Avliri, ,  niir  ,,|  i|„-  Kir.Ur.t  .Irawbac      .,f  the  lead 
Mom,!,„  v  ,  rll      „,  ^.^t      ...j^.^^,^.  ^j,,^^,^,^  ^^^^ 

paitl\  t,,  t!,r  ,letisit\  nt  lead,  the  prin.ifxil  material  tis,.,|,  and  paitlv  tu  it- 
l"W  tei.Mie  strength  and  stitf.us-,  win,  !,  ,„,,k.  .  it  n,-,  ,  ~~,„A  ,  l,„  in,rha..ie  ,i 
H-aM.nv  tu  ,me  fairly  tnas.ive  |,,,n„  -  .,n,l  s„,,,„,rt.  l.„  the  active  material 

1  ^,.ni,^      tl„.  stn.n,.,  ,  ....  tal^    m.,  1  ,  I.  niekei.  chalt.  etc.-<uuhl 

1-^-  .  mployetl,  then  quite  apart  fn.ni  the  luw.  i  density  of  the  metal  a  much 
small,  I  v.hime  couhl  he  used  t.  r  the  Mippuit-. 

Possible  Secondary  Cells.  Th..  in.hiMn.d  in,i„„t.,.,  tl,e  i,n.- 
Wrm  h.-.<  ..ttr.M  t.  d  the  att.  ntu,,,  ul  many  inventor...  and  it  mav  be  recalled 
t  lat.  a.,I.Miil.ed  iu,,u,  historical  section  {sec  pages  2o>  <•/  scq  Vol  I  ) 
the  ea.he>t  secondary  batterie.  fr-n  iS.,.;  till  |-l,,nt.  ~  ....  uch^..  about 
x«.<.  were  not  lead  batteries.  Kv,.  tl,,-  ,.,e„t  ,  e»  ui  ,h.  lead  secondarv 
-  ,l,A,  l„p,,l  In  I'Kmt,-.  .n„l  !  .„.„.,  ..ul,,,-  stimulated  than  <,ther- 
w.se  ti„  ,  t.,r  other  practical  combinations,  amun^.t  whi,  1,  the  .,t- 

tempt.  f.  replace  the  spongv  lead  -    by  zinc  were  the  n.o.t  nume.nu. 

in  fh.  ,  ,  ||.  ..n,l  tl„.  Mdwt.lution  ..1  the  .nore  electro-positive  zinc  for  lea.l 
-  t,i,    ,  M,,  .  ,„  .,|,„„t  ..5  volts  at  the  commencement  of  discharu.. 
falhi.«  to  about  ...  volts  at  the  ..„d.    This  raisin,,  of  th..  .,11  volta...' 
subs  annal  a,  vanta,^^  but  m,lo,  tu,ut,K   ,  ,.„a>n  practical  dithct.lt..- 

of'     ,  ;„  ."'  '  "  The  reduction 

ot  u,  ii;lit  pel  watt-hour  output  i>  considerable. 

Another  development  which  has  Invn  in.lustri.m.lv  |,.|lou.,|  up  n  th- 
Sta»,Uu,,o„  of  a„  alkahn,.  ,.,e,„-„K,,.  „„„  .  l^^,  ^ 

fur  >u  phunc  acui.     II,.  „.„,1..,>  ,h„..,.I..  oth.r  mater.al.  for  the  plate 
and  ..1  those  availal.l,  tli,  ,  ,,.ni>ination—  ' 

y.UK    Potassium  hvdrate    Copi,,  1 
ha.  attra.-te,l  most  attenti..n.     r.dortunatelv  the  i.m....  of   the  con.- 
-'v  'l-  ..  .s  v,,,,.  a,,,!  therefore,  although  the  ampere-hour 
output  lo   a  give..  we.ght  .s  much  m  excess  of  that  of  an  onliiarv  l..a,! 

f   I  "  '^o"il'i"^tion  referrcHl  to  above,  ti„. 

ow  t.M.K.  reduces  what  ,nav  1.,-  .  all..l  th..  '  weight  efficiencv  "  to  much 

.lect.uhte  are  ,r.....t  and  much  work  ha.  therefore  been  done  in  the 
direction  of  searching  for  metallic  co.nbinati.M,.  which,  with  such  an 
electrolyte,  would  produce  a  practicable  secudary  cell. 


Till  XxKtiL  iK^'s  S/O'.vpAKy  Ci: 


ic'»5 


Edison's  RMearches.--N..  .mvnt,.,  i,,-  "  '  ' 

v^ith   'ri.  l..-.M,t.  .u..    n.l  unn  nntt.nK  toil  a>  M..    •  A  1.4  -  ..,,  wl. 

V,,.-   t..:   ,1  premature  publication  m  i.>o;..    -M-ut  ' 
.1    ,11  was  .  v.-lved  which  has  since  b-t'lt  nnpr.nr.l  ... 
l;;;;:.;;:  „  tl,-  r....,lt  .X  further  experiment  ami  ol  eNpenenc 

....un.d  in  tl..-  working. 

I„  r.ll  thr  metals  lise.l         nu  k,  1    u.l  n  t 

,h..   K-tive  -    .....t....al  ,u,n  uxia.-  (F-O.  on  the  -    p  a 
The  el..,rulvte  is  a  .n  Jkt  cent,  solut.un  nt  ,.,...,-m.....  hv- h,.t, 

KolV   J,  whi.h  has  been  added  a  small  a.........  hth..- 

,,  ,lra.'  linllK  the  addition  of  the  latter  being  t.mn.l  • 
Lpl  ,1..  a.:,.,..,, a  ,h>.  oil.  tl,o,„h  it  d,,es  not  emc.  nu,. 
thrmam  theory.  With  the.e  nut.rud,  .h.^  --'^'^  ^^^^^^ 
the  oxidation  and  re^luction  of  metals  ,n  a,.  .  .  ..  - 

!„.  -  n..t  combn.,-  u.th  and  will  .v>t  d,--..lve  >'t  '  •  ^'^'^"^ 
their  oxides,  and  which.  altho..^h  do>-.,nposed  by  he  action 
o    the  cell   is  at  once  refonmd  in  -l"''  'l».'-'"tv  .uul 

^"^  ■  ...         .,   ,  mL-lll"     ...     .  ".1'  111  tlVlt\ 

I,,;   .1    p.  actirablf 

ilU.llUlt\  • 

Formation  of 

_j_  .utiv..-  matti'.d 

NilIjO,       tluown  down 
ail     apph-tjreen     pit  i  H'l'  ''' 
when  a  solution  ot  a  ni>  I 
.,,lt   is   laati'd  with  pot.i-h 

,„■      .,m1i  It      d.^-nlvr-  .1. 

.imniolua      with      .1  I'l'" 
,,.lonr.    but     s.paiat.'-  "Ut 
,1-  .1  .  !\-talline  iiowdt-r 
uh.u  ill'    -ami. .11  i>  boil.'d. 

Ii„-    I  "    I'V    whi.h  til. 

nick.l    liv.hati-   U-ed  l.i  tli- 
, „£4.-s«:tioM of  Umin»tio... in i.oai.cd  +  ' TttU-        ^^jj      iirrii.ufd  ha*;  not  been 

M»giiified  3  Duuneters.  ' 

pubh:>lii-a. 

,,      ,,,a...ul       P...k.d  int..  perforated  tubes  nude  ot  .u^'^>l-r;;'";' 
steel:   l!;ilc  t!l.  une  of  which  is  shown  in  Fig.  i.oSj.  are  manufac- 


Io6A 
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tijieu  from  ixr/oratid  rii,i„,„  ^vliirli  is  tiiru.d  by  ; 
the  form  of  a  r!o«ipd  spinil  ]  in<  h  in  ili.mi!  f.  r  with 


TypM  of  Su|<|K>HiiHI  Oikls. 


lulu-.  Ait.T  .aiii  llak.-  i.f  ni.  t,.!  i-,  i,,.,  ,i,  ,i  ,  , 
<m  it  by  fjravitv.  nn<l  a>;  this  npn..ti,,n  i-  ,,|„,,t.,l 
||>niit  ,;u..  tini,  t.„  ,  ,„  !,  till),,  til.'  (cnt.-ntv  ;,n. 
["'Uiuliil  int..  .1  .(iiiipa.  t  nia>-;  omsMinf,'  uj  tlii- 
nnmI..T  ..I  distinct  lavrrs  ..f  ,.,„  li  tmf.  rial  TIm 
licgrro  (..I  l,iiiiin.!ti,.ii  ilni-  j,       11  -h-.u,, 

FiK-   I  will.  Ii  is  ,1   s,.,  ti.,iul  vkAv  (.1  , 

I"a.l.-.l  tnl..  ,n,^,„i,.,|  ,i:,.l„  tim.s.  Ki^ht  s„,,,il 
sraml.'s^  ni.  k.  l-platol  <tirl  rill-,  (Fi^  i.,s.:  ,,. 
Aippot]  „v.T  .a.  l,  t  ■>>..  ,-ib,.ut  1  111,1,  .ipa'it  't,, 
^iv,  It  n-u\uv  .,11,1  -tr,  nmli  t,,  resist  tlio  {urn  - 
<1' vi,,,„Ml  i,s  III.,  .  xpansiuii  ni  til.,  ac-tivf  iiiatrri.il 
•  liinriK  .  Iiari,.,.,  an  expansion  whirl,  cans,  ,1  tP.iil.l,. 
in  the  eaiher  patt.  iiis. 

The  tnhes  .11,    p,n,  I,,  ,i    ,i,„    ,„    |„„j|  ^.,|^|^ 
("Mil  -^uitaWe  t.  rniin  ,1s  |,,r  .  l.uiii.iiifr  i„tn  the  <t. .  I 

se.,1  on  th.'  ndit-haii.l  s„i,.  ,,f  ^ 
which  is  a  ste.a  punching  s..  sht  alun^  Um  l,„n 
/.mtal  e.Ips  th.it  tlie  tube  terminals  are  inserted 
!'rtwee,un.lividual.L.iiip,„u-  i^iws.andtheclanipini^ 
.,perat.„n  .s  cmplete.l  ,ii„|,  ,;.„  ., t  hydraulic  press.m. 
plate  IS  sh.nvn  about  quarter  full  size  linearly  in  Fig 


I  -\»  >  ial  m.i'  iiit,> 
.1  d,.iilile-la|.|,i  ,1  -1,1111. 

I  his   tul'iiiL;.  c  iit 
I     into    4  i  •  t  IK  h 
lent'tlls.  IS  pl.irid 

i  1)  .1   111  a  r  h  I II , 

Willi  ll    In.ids  the 

active  material 

inti,  til,    tul,'  111 

V  I    I  \       tlilll        1    l  \  ,  |s 

pi. II  nil.;  !■•  tw,  I  i> 
each    tWi'  l.tyers 

a  thinniT  1  ivi  r  nt 

pun  111.  r  I  t  ) 

impnivi  t','  .  uii- 
iluctivitv  .in<l 

t«,     eilsiln  i;ii..(l 

'lu  triiMl  .  ,iifact 

betwc,  11     thr  1^.. 

"ii'tesi  .ntiv.' 
material  and  the 
slite.l   ramr-Mi  f.dls 


Kin.  i.oW.— Kdi-or  ■U-r 


The  liiiislii  (i  -|. 
i,o86.    It  ina\  be 


/  viz  !,•/■•>•  .  /  Tiif  Pi  t'  ^ 
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,„U'il  that  in  ..nl- 1  t..  p.uk  tlu'  iul..~  n.t-  tl,.  -.u.,11.  -t  ,,..,-,1.1.  mm.  tl- 
■,i„ainK  rin«<  arc  alt.matrly  at  .Uflfn-nt  .lM..m..  t-  m  .1.  ■  n-l- 

Formation  Of  -       11,.  ...  tn  .  m  .t.  ri.il    tt..n  ..m.I.    l..t  Ih.  n.v.ii^ 

1,,  .  TV..  ...nt..m..l  ...  .U...1.  ..1  ni.  k.l  pl..t...l  ^t.-..1,  1..,..  ......  .. .1 

t  Ix  inu   '  in  iilar.   tln>«'  tulx* 

,,    n .  i  inniil.ir   i.i   --i  i  lion.  •.- 

,,,\Mi  ..1  IMK.  I.n.S;.  TllfV  .If 
t>„Tff..I.      111"..'    "I     ll"'  -ll.'l" 

I  iioikit-  lli.t.i  tiiU-,  ...1.1  ,       ,    ,  1 

„.„.llv      .l.-M-rib.-,!.    K...1.  »H,.k.t  .»  ;.l.....t  \  ....I.  '-^ 

■„,;,,,„.,  ,  Hnl,.  ..v,  l..,.l,  tl...k.    Tl..'  ......  .....V.  ........... 

,         1..1...V  1.....1.....  -.1.      v,  .v  M„..ll  ,>..ra.nt..K.  01  mm-un   u  .  . 

'tiu-n.aM.t...-n.,..h..„v„^,,....  --,...11  , 

■,„„„i.k..l.lis.-...nth. .  +  n,.  p...k,,-....  l.-^^l-.. 

.,,.l,im  M.i.ik.r  t..  th..        nM.,l  f.-r  thr  t..»v^.  .n..l  .  ..  '■■.'I.^^l 

„..,„.,l  ,„  ,.,MM,..,Ml  ,.n  -u„   ,r  ,-,  ,n„l.m.  -  4.,h.K  ■  • 1  ; 

V,.,.  ,!  M.  ,1  .....1  vvL.  n       (!..•  ,.<..k.-t^  ar..  ...  ,.la..-  .1..  j-L.t.;  -ul- 

.    ,  ,  1V.I...U1.,   ,.r...>„n-,  ...uh  sqn....".  t»u.  ,.K-ket.  mto  ........af 


Kie.  i,.,88.— Eili».-n  — 


,,.!ni)r(— <-  the  active  matmal  iiit<>  iwr*' 

.hown  ...  Fig.  i.o?<>*.  .  ,  ,„  ^vl,,.. 

Th*-  sizt^  Kiven  alwne  both  I'.r  -f  anu 


ELECTRiciiy  IX  ittK  Service  Max 


iif  knuwii •■  ivp,.  A  ■■  (  ill;.,  intfiulwi  primarilv 
t.  'I  iiM'  un  ilcctnc  voliK k>.   A  smalli  r       kiiou  : 
a>  "Type  B."  and  u-<ed  for  petrol-car  igniti. 
an. I  liLrhtin;,'.  w  in  hie  in  tlir  >.iinr  ni. inner. 

The  ai)i)farancc  of  the  roinpleti.d  cell  .a!; 
be  sf.  11  in  I.jg.  1,089,  which  shows  a  batter\ 
ot  four  rcUs  joiiird  up  an.l  placed  m  a  wc.id.  : 
frame  f..r  portability.  A  >in,t^lr  (,11  with  it- 
pl.it.'^  l)aitlv  drawn  out  of  the  containing  caM- 
I-  .-I1..W11  111  Fig.  1,000.  Tlie  outer  ca>e,  whi.  i. 
is  made  ot  nickel-plat. -d  steel,  is  describ..; 
below.  Tlir  pl,it,  ~  without  III,-  c.iM'.  but  asseii! 
M'  d  to-cthcr  .md  reads  lur  insertion  in  the  con- 
t.nniiit;  ho.x,  are  shown  in  Fig.  1,091.  The  propri 
nii'iil.er  nt  ])l,ite.  of  kind   to  giv,-  the  ;.- 

'luu.d  cajLii  itv  .ire  mounted  on  a  >teel  rod,  \. 
will,  h  a  >t.  ( 1  t.iper.  .1  pole  is  attached  at  right 
angles,  as  >liowii  in  1-ig.  1,092,  which  is  a  view 
seen  from  above  of  the  top  of  a  cell  with  tli. 
nin..\vd.  Til.'  phites  ue  spaced  1>\ 
1-  .i|  till'  proper  width,  and  finally  a  I.kL 
\\ .  I  - 1 1.  I  ,  1 1 1 1 1 .1  nut  a  re  placed  on  each  end  of  the  n  .i ! . 

The  -j-  ami  — 
tion>  are  iiiterl.  a\ ,  .1  in 
the  u-u.il  w.iy  with  — 
plates  on  the  oiit~ide  as 
in  a  lead  batterv,  and 
-null  lixmit.-  jiin-  .n.- 
pl.l.ed  between  the  pl.Ue- 

to   keep    them    separat.  . 

Tile  unit   i-  .•oni])!rt.'.l  by 

grooved     -ide  in-iil,itoi- 
In  iui,'  placed  ovtT  tli.-  edt,'.'- 
of  the  plates.     The  con- 
taining box  into  which  it  is  now  slipped  is  abo 
made  of   ni.  k.  l-pl  it.  d  .fuvf  -teel,  .oniitj.ite.l  I,,, 
strenetli,  bent  into  >h.ip,  welded  along  on. 

side  by  an  o.xy-acetylene  tlii.ne.  The  bottom  i- 
welded  on  in  the  s.inie  wa\.  Tli,-  nut-  r.  t.ir..l 
to  above,  when  the  plates  aiv  ;,l,i,,.l  m  th.  l).,x. 
"-t  upon  inMilator-,  .,n.l  -h.vt-  ot  ebonite  ar.' 
m-eited  at  the  ends  to  m-ulat,-  the  outside—  ^.^  ,  i-Edia„ 
/nnn  the  metal  of  the  box.    \\  hen  tlie  whole  unit      .."no>V.r'f™ii  iC  c/n' 

laininx  Box. 


i.OQo.— Etli.Non  I dl  whh 
I'lates  partly 


CoysjKi  crh  y  ■  ^^ 
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,       ,1,    ,,,,  i-  Nv.ia.,1  on  lvn.iMir,,llv  -alin>;th.-MU  i-M-.T't  '...i- 

-  Ill  pl.UV   til.     t..,,   1-   NV.  lu  ,1 

combmatum  vaKv  .uul  WI.t       ,  m  I  ^  ^ 
„oved  without    ae.trnv,np:  th.  b-x    -  ;  ;  ,„t 

■  ;  taper  of  tlu'  n-ll  t  l.Ttr.M!.-  - ,  n 
1       i.iMii  ,  thfV  aiT  maiK'  ta-t  1>\ 

idinarv  mit-. 

It  is  intl'r.■stin^'  t..  n.-ir  ih-'t 

-  ,, .  t   st.rl  usitl  att.  I    ix  inK  m.  k. ! 
l.rtr.l  oUrtrolvticallv  i-  anttfal.'d  at  .< 

,m1  liiMt  ill  an  .itmn-i.!u i.  ..I  Imlp'P'H. 
,  ,   (■nsurc    thai    tlu-    ni.  k.  1  x.atiu^; 

-  all  not  p<vl  olf. 

Sizes   of   Cells.    Huic    ar.  at 

.-.at    tfii   -taii.lanl  M/.i-  "t  '-'l'-- 

u  only  two  stan.l.,!.!  -i/.r-  oi  ,.l,it.  - 
\:\  plates  an-  ol  tli>'  >auu'  tliKkiu" 

ad  width,  but  what  are  known  a-  the 

1',  ■■    jilatr--    are    ..nlv  on. -hall  tla 
:.  ugth  ol  the  more  j^i  lu  lallv  u-ed  A 

■late^.    The  cells  are  referred  to  h\ 

,,nhers,  H-4.  A-I".  et.  ..  tli.-  iiuinluT 
s>ecityin«  the  nnn,b.T  ut  .\.    V^^^^^^  „„.  „,  «  „ 

,n  the  cell.    As  m  the  .  a-,  o,  1,,,.         n,la,x  ^  ^^^^  ^  ^^^^  .^^ 

aUvavs  one  nu.re  than  the  nuinb.  1  oi  -|-   .     I  m  vv-  . 

 -  

•Mil"  1-  ~T  ini  lit'^.  .        I       -    ,111111  11 

hours  per       ;  plate.  t.,e  _^A__^  ,..^ 

J_  -  plate  in  the  -  \-  m/--  """l  ^^-^'^'^ 
,'  ,„  ,i„    ■  li  '  M/. The  niaxiniuiii  output 

„riiampcre-hourM>"  -|-   pl.'t.' ^ ..  ^„„,  - 

,n  overcharge  is  47-5  ■'>-'l'>—l'">"  ^  1"  '  t  ^  '  .  .■ ,    -is' we  «h  dl  -  e  lat-. . 
•ualf  of  this  for  ••  B"  si.es.    The  r.ite  ot  discha.se.  as  we  shall 


(  cll  II  -m  ;*bov 


m  the  "  B  sizes 
1-42  ampere-hours  p<  1 


'°70  ELIXlRh  llV  IX  THE  Sl.RliCE  OF  MaK 

Theory  of  the  Cell.    V,r  principal  du-mical  a  t.ons  which  take 
'  T,  ^"-^  <•»  ^-charge,  and  (iii.)  on  recharge 

h.ur  !.,  ,  „  ,,.n  fullv  ascmained  and  are  fairlv  simple 

N OH),  .  n  the  +    pla„.  a,„l  ferric  oxide  (l.e.O,)  on  the  -  '  plate. 

«  v  t'i m   uil.  i  "  ^•hi'^h  the  free  ions  a, 

anv  time  u.Il  be  potassium  (K),  -|.  •    charged  an.l  hvdn.svl.  (OH)  _ 
charged.    On  passmg  the  first  cl.argi,,,.  current  fn.n,  the  mckel  to  the 
on  eiemen    of  the  cell,  tl,e  f„rn,er  heconus  -H     charge.1  and  attra  . 

-h  K.n>  These  ions  may  be  regarded  as  combining  uith  tl.e  ox.de. 
"11  the  ,,lates  according  to  tlu-  folluwinf;  equations  :  - 

Positive  pU,tc  :  s  Xi(OH),  ,  (OH)]*  3  Nio^  ^  (,  „..()  .  ,i  , 
SegaUve  plate  :     Fe^-.     j,.  K]  .  I-V      0  KOH  .     !  (!..) 

Ihe  nett  result  is  tlut  the  nickel  hydn.te  is  oxidised  to  a  nickel  ,K>r- 
ox  dc,  the  lernc  ox.de  is  reduced  to  metallic  iron,  and  the  dissociated 
potassium  hydrate  is  re-formed.  -"cuiua 
In  the  >ulM..,„ent/,MA„..,.  thi~  proce-.  is  not  e.xactlv  reversed,  for 

bu     n  their  stea.l  there  ap,H-ar  magnetic  oxide  of  iron  ,Fe.,C),,  an.l  a,, 
Uy  s  milar  ...ule  n,  nickel  ,Ni/),,.  ..  .onhn.  ,„  ,he  reac^i.^  shown 
he  followniK  .quat.ons.  ,n  cnMdenng  which  it  must  be  remembc-red 
a    o.^eveiMn,.  the  current  the  uon  and  nickel  plates  become  respec- 
llu  electolvte'l"  "PP-'t'"'y  charged  ions  of 

/>/„/.  .-  ,  ,,,  .   [,s(()H)]  =  Fo/),    +  4  H,0  .  .  .  (iv.) 

On  nr/;,,.,.,,,.  the  last  operations  are  reversed,  th..        ),  heiuK  oM.ii-e,i 
to  N.O,  and  the  Pe,0.  reduced  to  metalhc  in.,,  bv  the  action  .J  the  L 
a,i,l  __    ,nn.  ,v.pe,  ,,velv,  tile  e,|,.ation.  being  as  foUows:— 

P's.nvc  pi.lc :  ,Ni,(,,  „>^j,,^  _  _ 

.\,-„/nvM,/c.-    i.V,(..    [Si.] +  ^  ,1.^1, .    ,,,,  -  +sk"(OI1)  .  (vL) 
above  equations  (iii.)  ,„  (vi.)  pi,,,  the  final  effects  of  the  ac,i„n. 
•  plates  on  ,l,.clK,r.,.  ..n,l  ,  h.n.e,    Th,.  ,„         „c,i„n-  taki,i,  pl„.  , 

and  leadm,.  to  these  „  n,av  be  ni.Me  Co.nphcated.     The  -i-  -  .  harged 

■•M  K.  ..n  ,.rn^  n,,,  .„  ,,  _  Hiar^ed  plate  in  equation  (iii.)  or  (vi.).  mav 
I  Uf;arded  as  g,ving  „p  it>  electric  char.-e  and  then  ,le,  onipoMn^  a  mu!,"- 
'  "I-'t  water  iUpi  and  forming  K(()H,  and  II  ;  ,he  U-nner  ,e,nam.  in  the 

'^■e  ii..te  cn  [■„;;,  ,rs.,„li„g  ,[,.,  meaning  of  tlu-  ^.luaie  l.iackel^. 


Tin  Thiokv  or 

„„,„  whte  »*o,„  uuw.™     u..  :jrr 

;r  1. 'l^v-.,  i"^...  -  -tsnf'ii;::;r  o;ts 

,„  „„,  ,  ...  Nil).  1..       ..tt.".    ,„ 

,n  equations  (in.)  to  (m.).  -iim.  ,,i,,e.t,.,K t-   ..u  b.ilanrr  ivm.im^ 

^•^  r'T'?;-.:v^arr:::u  ir:;;; t,.  ...a......- 
 ^ — n 


40 
.20 
C 


•  Hours  A»M.».  Amp.»r.  VNai   llr.  t.li..t.t  1-  j 


-T" 


33 


60 


rrun 

LM  ISO 


_1_L 


210 


_J  


^  liiO  iw 

Ampcrii  HoiU* 

,.  ,      n,.ui,         l..».  har,c  .  une-      ....  Kai^."  S..  ....aary  i  M. 

,,      .    nv  I.,  lake  o.ntimtal  tvu.UnK-  with  a  hv.ln.Mut..  t.. 

nor  .n>  .  xiRii-iv.'  pro.—  i„,.,hil.l.'  in.  ami  av  not 

Furtlur,  the  aetive  mat.  i...K  ..1  tin  I''-"        '  ,.„at.on 

details  of  ,>rei>a.ati..n  ami  o-n-tnu  tu.n  louu.l  tu  b,  .U.u. 

|„„^-.   r.timu'.l  -■xiHTiment.  ami  r.'^rai.l.  „ ,.  l„  ,  „  in.ui. 

Performance  of  the  Cell.   N.-  ;  .  ...i 
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£:.E>  TKiciTV  i.\  THE  Skriice  I)/-  Ma.\ 


under  unfair  rN< .  ptimial 
spare  at  our  a 

\\\it\r  r-nri  i.illv         i  .  .ni|: 

111  Vi\i.  typical 
Kiven  for  three  (liferent 

ni'lllLlI  IMtr  tdl-  thi-i  si/r 
li'iur~.  ;n:i|  tin-  ( iidin.itr-. 
'-tant  .  ill  iviii ,  tlif  iiiiipci 
time,  l)iit  tlie  time  -scale 
tlie  cell  is  charped  witli 
I'lii  the  ac  tual  tinl^-^  ..f  i 
Jt  will  he  n()tic<(l  tli 


conditions.   I'miii  tlieM-  wt-  -.  In  t.  for  thr  limit.  , 
few  w  hi.  li  apiH-ar  to  be  (.1  tli.  j,Ttate-t  iiitt  icsr 
laiisdii  witli  Ii  Mij  liattcry  workinR. 
charge  and  tlisciiari,'e  .  iirves  of  an  .\-4  .11  ai. 
rates  of  rharffc.  vi/.  40.  ;o.  and  20  aiiip.  i<  >.  tli. 
briny    ;()  amperrs.    Th,.  ab-i  i^-a'  ai'f  in  air.per.  - 
.  the  iM...  ill  volt-.    Kach  charge  beint;  at  coii- 
ho  ir;  for  that  charge  are  proportional  to  the 
is  different  in  tacli  exjuTiniriit.    In  .  urh  .  a- 
tlie  same  niimlx  r  ..f  aiiipeit -lioui nam.  ly  .'lo, 
liarL;ini,'  are  3       7.  and  10-5  hours  iv-pi  ctu  elv. 
at  although  at  the  beginning  of  chargins  there 


1.6U 

140 
1.20 

.  1.00 

> 

.  .80 

t 
k 

I 

.40 


a: 


Normal  Kutes  ol  Charitc  aod  Dlscbargci 
A'  A  30  Amperei 
A-  5  37.5 
A-  t  4S 
A-l  60 
^-10  78 
A-U  90 
formal  Lingth  ol  Charec  7  Hours 


Lentith  or  Ohamo  m  lldim 

"Diffchanie 
Avcriee  DiMharge  Voluee 
Ampere  Hour  EOicicDcy 
»«tt  Hour  >:fficieDcv 


1.192 

a. 

6S.»» 


~i.D 
1.203 


cm 

1.2U 


I 


Uour.,  Di^charKC  at  Normal  Rate 
-  Di^chargfi  after  OiScrent  Periods  of  CbarRing  ai  Normal  Rale. 


i.ojf),  iiai,'<'  io4,Si,  a  rajnd  rise  of  v. 


it..-.-,  the 


i~,  a-  in  th.'  l.  a.l  ,rll  (see  \ 

irinaiiHl.  1  ol  the  curve  is  \  ery  different.  The  discharge,  which  is  taken 
at  ,;o  amperes  in  each  case,  more  nearly  resembles  that  of  a  sl^wlv  dis- 
charged lead  cell  -for  instance,  the  top  nirv.'  in  Fig.  1.074,  page  1040.  In 
e.ich  case  the  discharge  is  continued  until  the  im>.  has  fallen  tt.  10  volt, 
and  after  t  he  i.ii)id  charge  this  p.i).  is  reached  a  little  over  twenty  minutes 
earlier.  Ihe  full  data  of  the  experiments  are  given  in  the  table  on  the 
diagram. 

The  etfi'.  t  of  the  time  of  charge  on  the  discharge  curves  is  ^l;  .wii  in 
1-ig.  1,094,  "1  "  liii  h  the  results  are  given  of  e.\pcriments  at  normal  rates  oi 
charge  and  discharge,  the  time  of  the  charge  being  varied  from  5  5  to 
10  hours.  Thi-  in.  n  asi.  of  the  time  of  charge  givi-  onl\-  an  inrrea:...  in 
the  time  of  disch.iige  lioni  5  0  to  b-^  hours,  witu  a  cornspoiuling  diminu- 
Hon  of  the  proponion  of  the  ampere-hours  given  up  on  discharge.  The 


PEHFOKMANCE  CVKl-BS  OF  NlCKEl.-IRO.X  StXOSr  iKV  Cm 
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U  „  tlm«  much  nv.r.  cttu.-  nt       ,!u  ^h-.rt.  r  th.n  on  tho  l^-nS''""  ^  1'^^*;- 
„  ,1  up  in  cU-ctrolvsinK  wati-r  into  hv.l.ni;,  ,,  ,uul  n  l 

,1  ,a.  tlK-o  lo-     P"re  wuUT  ha.  f.  In-  a.lde.l  tm.n  turn-  to  time,  tl,.  H,h 

i;  t  batten-  i  >tanain.  uU-  at.-  is  U.,  K  ...  n-.y  .-P 

l  „„.tant-cu.rc-nt  discharges  at  rate--  varying  t...m    .  '  '   '  .. 

an  ahnust  constant  total  output  if  the  discharge  .  '  -"  '^^ 

^  V  t  x.  r..  1-  n  n,  .  aeh  .  aM-,  the  cell  being  given  a  seven  hour.  .  hargc  a 
,  ■  n;::,  nL^^ter  ea.  h  d-char.-  .....  The  ^•«-_- ^  ---t'^PJ 
in  ampere-hours.  thereU.re.  ut  th,.  ra.e  ...  .h-.lM,..-,  u,,hk.         ;  . 

1  11  i  v.TV  Mil  dl  The  eHe.  t  ..ti  th.-  v..Uage.  Uuwexei.  i-  i>  nurKiti. 
n;:':.^'!';,  ::.  I'hnwn  ckanv  in  Fi.,  1.095.  in  which  the  absciss,  denote 


100 


u 

n 
c 

9 

u 

a. 


60 


40 


20 


Tjije  of  Cell 
Bateil  Cacacitr 

Nonsal  DlKhUK  Rat*  >»  A  mi  cro 
„  Avcroce  VultM*  (lOOJj 
I*      Amptre-llour»  *' 

Normal  WaU  Hourt    " 


l-,0  ls"&  225  8W 

SO  ST.;  »;  60 

1:0   l.:0  >•-■« 


340 
40» 


40 
612 


-    ^--^-i  i  5 

Multiples  ol  Normal  Discharge  Rate. 

Ki..  ■  r-  -Oi..p..t  •(  Cell  f.-.r  oiiwtt.ii  Hi^Kire.  K,...  - 

th,-  !■  1.  m  voU-,  and  (iii.i  th.-  M-hours. 

end  of  5-25  hours  it  is  about  .4  tn...  ih.^  ..nl...    .dn- ~.        ^  V!i' 
v^hu  vfn.'  tr..ni  o-ooi  ohm  in  the  A-4  >./.c  t..  .-...-i  -'Inn  m  th.-  • 
^      In  -ni  of  the  above  diagrams  there  a,,  .u.  n  ,1-  w.,n- 

„;:™,  05.6  PC,  c,.„,.  .,na  ....  U-».  44  »  1-.  T...- 
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ELFXTmciTy  /jr  the  Seiu'icf.  of  Max 


ditton  w 
experimt 
in  Fig.  I 


liK  h  ai-iK'ars  to  have  most  .  lif.  t  ,,n  tlit-  t  ftkii-ncv  in  any  Riven 
nt  IS  til.-  length  of  the  preceding  charge.    This  is  >trikint;lv 
■ocfi,  in  which  the  {x-rcentage  efficiencies  and  the  perc.  iitaL;.  tli, 


8       iO       i2  14 
Hours  Charging 

Fig.  i.o^'.-lndutnce  of  Rale  of  Char,jc  on  Output  »nJ  Eflicieacy. 

rated  (lUtiHit  (.l)taiiie(I  an-  ph.ttid  aij.nn^t  the  "  l„.ui.  ,.|  chai-i'."  Tlie 
charges  in  ,  ach  case  are  at  tlie  n..rin;rf  rate,  and  onlv  tlie  periud'^^.f  cliarge 
IS  varied.  For  a  or.r-iiour  charge  the  anij)ere-liour  efticiencv  reaches  loo 
per  cent,  and  tlie  energy  efficiency  75  per  cent.    The  output  is,  however 


a  100 

^  60 
S  40 
20 


I  '  !  !  ,  i  I  TTT 


•  -:u-f  .   'Mil  _ 

-  :   i  -  !  iP"     S .    .  A-i  A  i  A  i  A*A  Vt  A-n  '-, 

,  normal  Rut  In  Ampem       30    s;.t  tf   W    M  H 


,  -  V.  iw       wt.w     w      WV       IO  Ml 

Rated  CapocUir  In  Amp.  Hr«.  I'3  lB?.S  225  300  375  450 


•  U — \ — : 

200 


400  too  too  1000  1200 

Number  ut  Charges  anil  Dischargts 

■r.— Life  Cur\e  of  Capacit)  vn  ier  St^vere  C  jnditL'ii. 


1400 


only  J,,  ].,  !  (tnt.  of  the  rated  .uitinit.  For  a  fifte.>n-!ioiir  chnru'e.  on  tlie 
other  hand,  the  amp.  iv-htmr  rfti.  u  n,  s  1:.,.  n  t-  s.S  i"  i  cviit.,  an.l  the 
energy  elheiency  ha-         ,l,.wn  to  .;o  jki  mil.  ;  ~nniiltaiux.ii>lv.  however, 


I.IFF.  CVRVBS  OF  NiCKMI.-IROX  SsCOSPAKV  O  US  -O'S 
,     T-n,  rrrnt    of  tlx-  latr.l  output.  Th.-nuntuil 

 ..„..,„.  «- 

,,,ur  ttticu'ncy  So  pir  cent.  f  n.......  .-.Ik  h  tho  'H-it 

■■■"tS  doc  no.  allow  .o  s.vo  ..,v  r,- 1;^-;;;:;";^;;; 

,.,„,„  ,1  „,,,„.  «-i;^,:;^J^X:^^^^ 

the  cell  ar«  till-  v.i>  lull'   ..U.mic  n  "      I  „iilisalion, 

™l.rmrr^:;^^iu.:;;.'::t"..  

obtain  a  f^ivon  voltag.-.       ,      ,     ,       ,  ,  view       its  small 

Traction"  {s.es  pages        ct  Siq.). 


CHAPTER  X 


RECTIFIERS 

In  addition  to  the  kinetic  traiisfonmis  descrilKd  in  Cliapter  VIII  there 
are  va.R.u>  oth,  r  m.  tl.  cl>  of  transforming  alternating  into  continuous 
currents.  Ihe  principles  of  the  more  imi.o.tant  of  such  methods  have 
been  dealt  with  historically  in  Vol.  I  (s.,  ].age  565  ,  .eq )  Tf.e 
apparatus  is  usually  descnl,,.!  as  a  nrt,!.,  ,.  '  Of  the  methods  referred 
to  onl>  three  have  an>-  fairly  extended  application  at  the  present  time 
m  electrotechnics,  nam.  ly— 

(i.)  Mercury-arc  rectifiers, 
(ii.)  Hot-kathode  rectifiers, 
(iii.)  Klt'ctrolytic  rectifiers, 
which  will  now  be  considered  and  described  in  the  order  named. 

i.--mi:k(  ri(v-.\i;c  Kinn-ii  Ks 
The  i.niiciplo  upon  which  such  rectifiers  are  based  has  been  explained 
m  Vol.  I.  {sec  ])ai,'e  5(.9),  and  an  early  form  has  there  been  illustrated 
and  described.    The  form  referred  to  was  dem  ised  for  throe-i.liase  circuits 
upon  which  It  IS  easier  to  use  such  rectili.  rs  than  on  single-phase  circuits. 

It  has  been  point,  d  out  {loc.  cit.)  that  this  rectifier  is  a  mercurv-vapour 
lamp  (sec  \ol.  I.,  page  bjj  ct  scq.)  with  one  or  more  solid  .  UrtrodVs  which 
act  as  lamp  anodes  and  can  never  act  as  kathodes,  and  a  /ujmJ  mercury 
eleci.o<l..  which.  uiid,  r  the  ci.cnuMaiia  s,  is  never  called  up.m  to  act  as 
an  anode,  and  Or  n  fore  ahva\  s  acts  a>  a  kathode.  In  other  words,  current 
can  oniv  j-.i^.  through  the  rectifier  from  a  solid  electrode  to  the  mercury 
electrode,  and  never  m  the  opi.osite  dinction.  Hence  tlir  ap].a.atus  if 
supplied  with  an  alternating  ..ni.  iu  cm  only  pass  through  it  the  half 
o!  tile  curn  ut  w.uv  which  1.  in  one  duvctici,  and  suppresses  the  half 
which  IS  111  the  other  direction.  The  leads  connected  to  the  lamp  there- 
fore carr\-  unidirectional  currents. 


The  fust  difli,  iilt\-  wh.  ii  wikiiiK  uitli  ,v,-.;/,-/v7.,,sc-  cunrii/s  is  to 


that  the  nien  uiN-  kali.. -de  sluill  r.ceue  current  during  the  period  that 
intervene--  b,  tw. ,  n  the  .  ud  of  one  .;- '  loop  of  current  on  a  particular 
solid  anode  and  the  beginning  of  tlie  nrxt  -|-  lo,,,,  tl,:,t  ,i„,i-'  .',e 
—  •  halt-ix^riod.  This  is  accoinplislud  by  ton>tnicting  the  lamp  with 
one  mercury  cup  kathode,  k  (Figs.  1,(98,  1,099),  and  two  anodes  A  and  a'. 
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•  Ik-  latter  bdns  c.mu-cXv<\  to  th.  up,..sit..  -..1.  ^  n(  .i„ul.  --.M.plv 
:,:„!.;.  It  >..m.  lli^ianre  from  th.-  t.«!s  ^  an.l       an.!  i  t.,.,..n.  .s 


,.f  t! 


t..iivirttr  projH-r— 


,.t,.vi(if(l  at  tlir  mi.Mlr  j..  mt  .> 
Ill, It  is,  the  miriury-v.ii>«>ur 
liinp   is,   as   alrt-ady  nwn- 
iii.n.  il.  ( i.ii-tnu  tfd  with  two 
aiioiUs   A,  and  A.,  and  "nf 
kathode  K.  and  is  often,  tl^  'iii;!! 
not  necessarily,  of  the  sli.ip. 
^tiovvn.    Tlie  anod<-  a,  and  a  . 
,itv  usually  inad<'  ot  -laphit.-. 
the  kathode  metal  bein^  iKiuid 
mercury  contained  in  the  small 
tnhe  at         A  nrtitirr  .4  thw 
pattern,  shown  in  l  is^.  i."<vi. 
is  manufactured  by  the  West- 
iiii;ii(ms.-  ("iioper-Hewitt  Com- 
pany, of  London.   The  ancKles 
are  connet  ted  lespei  ti\  Iv  to 
the  terminals       k..  of  the 
iransformer;  the  kathode  K 
and  the  eential  point  .(  "1  tin- 
winding  are  respeetively  (  on- 
nected  to  the  and  — ' 

t.  rminaN  (  ,e.,  of  the  continu- 
ou--current  s,e<iiularv  circuit, 
of  which  c ,  is  the  -1-  I"'le 
and  c,  the  —  •  In  one  ot 
the.e  connections  there  is  in-  ^  r .  _ ',  heMdes  the 

loon  bein«  m  action  ami  the  h-ft-hand  loop  otit  of  action, 
loop  oiiuK  ,11,,,,,,, I  ti,  di.'  I  cAvn  to  zero  \n  either 

Tli».  current  caniiMt,   iowe\  ri ,  be  .lUow.ii  to  nn  oo«ii 

,„,;":?hrVa  ...  V,...- n. 

i  curm.,     ,l,m„„-l,„«  »  l,„  1,  will  1.  -ufficunt  lo  >na,n.a,n  the  voltage 


:.-("onnerti  >ti>  for  a  Siuglr  pha*r 


I 
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F.i.fxiRiciTV  IS  tiiK  Sesi  /i  f.  oi  .l/i.v 


in  til.  i.mip  iiiitil  tlif  v..lt.iL;.  -I  tlif  mcrniiv  l.».p  has  hm-ii  suffidcnth 
to  take  11].  til.  inniiiiig.    A  initli.r  c..nMi|ii.nn'  ..t  x\w  in-.  iti..|i  ,,i  k  , 
that  the  riMiit;  rnrr.ni  i-  nit  .I..\vii  l.v  .i  1m.  k  r.M.i  .  m  k.  .m.l  t!,,: 
"'       r"ii',..l  ,111!.  lit   i:..in        f.  .,  Iliu  tn.itiin;  iM'tw.-.-n  /.  i 
an.l  .1  iiMMiiiiim,  th.  r.  i.  a  inil^.itiii;^    uir.-m  wliiih  iu-v.t  Mnk^  t.. 
but.  .■II  til.  othiT  hand,         n.,t  pmi  Ii  v.  hi-li  .i  m.iviniiim.    TIin  i-  ,1 

to  till-  f,'l" 'li- 
lt is  fmth.  r  t..       m,!.   |,,.  ,1„.  -i.iitnm  "I  tl„'  ,u  li..ii,  ..n.: 
It  1-  f..r  this  ,,„ri.,,M-  that  tii.  I, i  Miiall  in.i.urv  .•I.Ttn.dr  v  i>  pr..- 
vidfd.    Till'  inaiii  t.iinin.d-  i.aii.l  i.  luim,'  .dive  l.nt  n..  .un.iii  p,.  -m 
thrntiph  the  rcctifi.  r,  th--  latf.  r  i-  iilt.  .l  until  tli.'  ni.-uiirv  in  s  ..ii.l  h  !>.iiii 
a  r.mtinu...i.  ...n.lu,  t..,  .,,..iu'  uhi.h  t!..  .nn.nt  .  an  pas>  in  .itlirr  -linr 
tK.n.    On  l.n  akiiiL;  thi^  l.ii.ln.-  th-        l-siii-  an.l  at  ..n.v  i..iii>.-  a  .utticicnt 
numlMT  of  m..]..  111.-  of  tlir  nsidnal  ua>  in  th.' hulh.  thus  iifvidini;  tli. 
necfssarv  path  i..r  th.-  m. ,,  nr\         f.  pa-  Ihrni  .\,  an.l  \,  i.i  k      1  h. 
subsidi.iry  mictan.-.'  r.  in  ^.  m.  ,  uii!,      ..!,M,,,i-h  a-i-i,  ti::-  acti..ii  an.l 
also  a.  t-  a    I  Lull,  I  ,       \ .  iuni;;  s  .i.  tiiii;  p.Tniam  ntly 
as  an  .-lictrodi-  wli.  ii  !!].■  i.-.  lui.  i  i-  \\..i1ii:l' 

Theory  of  the  Mercury-arc  Rectifier,    in  th, 

dia-rani   in   l-i-.  I...O^  an   aill.  .-traii-'  n  -h.  .wn 

and  then  1-  i.|)\  i..ii--ly  a  dt  liiiil.'  r.  lati..n  lu  twiin  tin. 
K.M.s.  voltauf  of  tlu'  -upply  mains  and  tho  avcraffr 
or  tlic  K.M.<,  \alu.'  .  t  th-  pul-atini;  imi.limti..nal 
cnrrent  at  tin-  t,  miiii.,?-  ,  ,  c..  It  i>  lurth.  r  ol)vi,.u> 
that  if  tlKTo  i-i  a  ,it  .liti.  i.  iuf  bitween  these  two 
voltages  it  can  be  ailju-t.d,  and  any  requii  .1  \,,lt,';,'. 
obtained  at  c,  C;,  b\  using  a  si;itable  -tatic  tr  n-form.  r  wh,.-.  jnimaiA  h 
placed  ai  r.,"  the  -nj.plv  iiiaiii-.  an.l  \vh,.-.f  M,-..n.lar\-  ..,il  will  fak.'  the 
place  ..t  the  ci!  A',  /■,  m  l  ii,'.  i.oo.S,  tli,-  ..tlier  e.,niuai.inr.  b.  inf,'  un,  handed. 

1  ii.  ir  is  always  a  .li.,p  .,f  voltage  in  the  vacmmi  ti:b.  .  ron-i-tint'  partlv 
of  a  back  K.M.F.at  the  .Lrtr.  .<1<- aii'l  al~. .  .  ,1  a  .ir,  .p  m  tli,i,i,nnr\  \ap,.in 
column;  lujth  ..f  tli.'M'  ar.'  in.k-]Hnil.nt  ..t  th-  .  unvnt,  .m.l  tli.  ir  joint 
effect  is  a  los-  .  f  ah.ait  15  v.lt-.  i  h,'  .  n.  r-v  ah^.-rbed  by  the  bulb  will 
be  this  voltage  multiplied  by  the  mean  value  the  current,  and  th.  n- 
fore  will  be  directly  pn.portional  to  the  current.  The  ener^x-  >o  al».,ibed, 
by  whatever  pi.,,.,      i>  .■vtntiiallv  turn,,!  int.,  aii.l  ha>  L.  be  dissi- 

pated. A-  thr  current  inere.is.  s  the  ra.liatiiij;  >urta(;e  of  the  bulb  mast 
be  increas.Hl  -^o  as  to  dissipate  this  energy,  and  it  has  been  found  that 
there  is  a  limit  beyond  which  gla-<  birein.  v  an  un-nit,iM.'  111, it.  rial.  Th.- 
highest  current  for  which  gla-s  bulb,  hav.-  .  i,!;ularl\  utilis..d  ajipears 
to  be  So  amjHit-.  If  htavier  currents  are  required  in  the  c.c.  circuit 
several  glass  bulbs  can  be  put  in  parallel,  but  practical  Umitations  are 
again  soon  met  with. 
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,U,.  dunu'.-  ..t  m,..t.  .i,,!  nm.  -lu, ,  >  n.  w  .),.h,  ul.u  -.    l--..r  tl,.  pr-inT  workup 


.  ,  1  li  !  .m  l  iiMint.'im-'l.     lUi"  lai-' 


'I . 


i|      :,<      1:11.    Ill  \ 


linn,  ultsi  -  111 


V  .11 


III  ikm^ 

.1 '.ai.i 'in-u!,a..l  i-iiU-  tlm.r.-li  wlifh  th.   ..iti-i-i.-  .-n- 
i,„,,,,,  .„„  1..    ,-,,uiir,  t.-.l  t..  tti-  int.in.il  .l,,ti. IlK' 
;„,ii.,a>  ail^u  I         .i.  -nl....l  Uf  r.  lu.i.i.nr.Uv 
,  -n.  t.a  allows  tlu-  .i,>i>.in.tu-  tu  b.'  w.if  .  ■  .1   !    I'-.l  . 

lii,   .qip.ir.itu--  f.ui  !>'■  ifilii'''i. 

\s  u-s'urii^  the  vi.ltat;.;.  ulH'l'  ni.iv  I"'  .mi'LA.'!.  "n.'  -1 
,!...  (Ullkuiu..  the  .laiit;.r  uf  .u.  a.v  tnnnmu  l-fA.-u  !h. 
,„„.U..  !..'tv.-f...,  Nvld.-li,  it  mii-r  I..'  n>inrml..r.a,  th.tv  k 
',lwav.  an  a.<.  .  pnf  utnl  .liif.nu..-.    If  ~u.:!,  .m  .ur  L'tm^  it 

tcticJlv  a  Ihurt.uvn,,.  au,l  a  lav...  m,,..       .  u-r.  nt  will  r-p,  n 
,,  of'a  Rla..  bulb  thU  .l..^trov>  th.  bulb,  but  u„h  a 

:,"j...„        ..h.l  an,„l,.  1.  v..,v  .n..ll.  b. ...r        nn  .an  « 
—  v,„...t.  .1.   th... 

l.u()0  will  sattly 
.Kal  with  11"  to 

130     volts.  l'<T 

higher  vi)ltant->  a 
li  .nC(T  and  more 
, lull, lilt  path  is 
^,i,,vi(lril  betwci-n 
the  an"tl.-,  -uch 
as  is  shiiwii  in 
V\H.  1,100.  which 
~iiM\\~  .1  bulb  \"T 

^,,0    til    !">"  Vi'ltS 

with  a  thn  r-phase 
-ujiiilv.  '^Imitcir- 
,  iiit^  .in  iiii'ii'  fre- 
,|U.  lit  witli  thrtc- 
jili,i,r  than  with 
iiif^K-phasc-bulte, 


20- 


-r 


40 


zoo 


to  120  if^o 
Volts  m  C  C.  circuit 


because  of  the  Mtp.  t!..Mn,  of  the  cttrrents  ami  the  greater  quantity  of 

""^:;;X"'The  principal  tran>.orn.atiun  loss  i.  due  the  volta^ 
drop  in  the  bulb,  which,  al  we  have  explained,  is  of  the  oraer  of  «5  volts. 


ElKCTKlCITr  IX  TUh   "tKl  /CF.  iv  A/.:.\ 


Jh>  iKi.i.nrv         tlMi.fwn-  (U|.,ii,l  u|h,ii  t»u-  Vdltap.-  rr-quir.-d  in  Hi. 
load  cinuit,  iiiiil  will  incnaM'  a-  thi,  vnltaj,'.'  ri-.-.    A  ,  iir\,  .|„.\^i„  tl 
^irnrv  f..r  diff.T.-nt  voltaKts  is  «iv.n  in  ric  m.-i   i,,.,,,  inI,,.  h  ii 
be  M  (  M  th.it  til,  .  Ill,  irncv  ri*f>  fi,.ni  .1  littl.  ..v,  1  4.,  |.,  i  , ,  m.  ;it  v,.lt 
to  c^>        ,,nt.  ,it  J..,,  v-.lts.  IK.  anniint.  l.,,w,A.r,  l,.ii>!4  tak.n  th. 
l.)ssi->  III  til.  -t.iti,   t!.m>fornuT  luit  cnlv  in  th.-  r.rtifi.r.    In  iii.a>.iiri.i 
the  curr.'nt  ami  v..lta«.'  in  tli,  r  ,  ,  .  „,  „:,  ,[„  |.„  t  tl,.,t  th.  .  uii,  ni  .1,,, 
voltap'  ai.-  pulsatini;.  an,l  n,.|  .  itli,  i  truh  ,,lt,  1  n.it ,„  .,|  >tia.h  v,m 
fiini,,iis  v.ihi.v  inn-t  !).■  l.,.in.'  in  niiii,!.  ,,n,l  th,   inMiiinifnts  calihrat.-.l 
ain.idinKly.    littiii.-iuy  curvo-  for  imuli  Mualkr  v.-ltaK.  -  an.!  l.,a.N  ,u, 
ffiVi'H  in  Fig.  Moj.  in  whi.  h  H    .  tinv*  a  and  »  sh.,w  tli.  .  in,  i.  11. 1,  .  t,., 

^inall  i„,it,ihl,-  I,,  tifiii-,  mail,  l>\ 
the  (i.n.  ral  KUctric  Cmnpany  I'l 
Slu-mrtadv,  for  charyinc  .1 
thi,  .    .11  \.   ,in,l  .jx- 

',11  ^.ni\(  1;  -tiiiiulaiy  liattiiy 
t'  i  pi  trol  111, .tor  ignitifin  circuit*, 
riic  cfilicifnciis  aro  j>l.itt>  d  ay.iin-t 
the  l.iad  in  thf  .  .(  .  .in mt,  ulu,  h 
ha>  .1  iiia\iinMiii  wilii,  ,.|  1,  - 
than  (),)  watt^  tur  curvi-  a  and 
watts  for  l  urvi-  b. 

I",>r  \ ,  I  \  hii;li  V,  .It, II.',-  til,  I  ^ 
V'll-  l,.-t  ill  th,  Itiiil)  lui.iiiit 
IK  :;iit,'il.h  .  .111. I  at  Mich  voltair.-s 
tilt-  itTtiti.r  hir<.ni,  -  ,1  ~, .nr.-,  ,.f 
liii;li-v.)ltaf,'f  i-i .iitiiui..u~  .  urn  nt> 
<.|  ijrcat  fttu  i,  !!,  y.  the  cliiff  loss 
I'liiig  ill  tUv  static  transforintT. 
tlii-  direction,  it  niav  lu-  nun- 


Kill,  t.iai  — E(B<:iencie>  and  K.»er  factor,  of  Sma  I 
Mercury.arc  R«ctifiet. 


As  indi.  atiiii,'  w  hat  ii.i~  l„  ,  n  done  in 

tiuiied  that  the  .Marconi  \Virel,-~~  T.  I,  ^,.i,,h  C  .„,,.,, „v  Imv,    ,1  ,n.u.  urv 

vapour  outfit  desi.-tu-.l  for  an  output  ,.i  i,.  .uniui,  -  ,,t  i  ;,  ,  v..lt^  \t 

this  v.jltaf;e  the  hull.  ],,--  i~  ,,nly  a  little  <.v,  r  o-i  (Hr  ,,.,,1. 

Poi.tr  I'.Hlor. -  -lUv  power  factor  of  the  priinarv  cin  tiit  i-  ,i!„,iit 
when  no  sjiecial  induitaiuv  has  to  be  introdu. cd,  >uch  a>  i-  .h  Mi.ii.l,  when 
supplying  currt.nt  to  single  ar,-  lamp,  i,,,  pr,.j.  ction  w,.rk.  Power  factors 
for  small  outputs  are  much  low.  r.  Tw„  curs  e..  (  and  1.  «iveu  in  Tig.  i  lo' 
are  for  tlie  small  cell-charging  r.ctifier  refernd  to  alxive.  The  highest 
value  of  tl ,  .v  r  factor  in  th,  .  uin,  .  ,,l„.ut  075.  and  for  some  of 
the  workm,     ,h     of  the  l..ad  lalU  Ih1,,w  o  ^,.. 

Pt-acticai      piicaiions.    I  he  advantage's  of  a  mercurv-arc  rectifier 
are  tliat  it  practically  re.iuires  little  ur  no  attenti,,n  win  11  one,'  started 
has  no  mo«ng  parts,  contains  no  chemical  li<iuids,  aiul  es  ..Kes  no  corrosive 


ArrncATioxs  ot-  Mfuci'ity-AKe  Kkctifikks 


loSi 


111, it  bull) 
.  ,111.1  tli,lt  -'l.ll 


.  .1..  n  -  .,,p.u..nHsl,....iaiK..oa,..m».l..l 

,n-,m.  ti.m*  to  rnM.n-  it.       ^n  ....l.,.,..^  .U.lv  work     1      '"  'V  , 
,,,n-..l>r.itiun.  .It-imn..'  it~  .i.l..i>t....i  -r  r.-).M-tiun. 

,,.nn..|s  ..m  1m-  tru>t..l  t-  i.irry  iiiii-ut.  n!       ,imi..  n 

a,v  o-rtainlv  nv-n-  ronv.-nu-nt  f-r  ..nhuarv        th.t.    U-  ..n 
,;,';!,;         Hi.  UI...I.  l..iv.-  iKvn  mu,v  r...ntU  a.v.L.iH.l 

i,,r  imriH«.i>  wliul.  i.'i"'"  -"i"'"-  • 
,„  rr^  <\mU-  runvcni«-nt  anuni;.  ni.  iits  .  i.i.i'l.  ■ 

^,,1  ,l„  ,i,,,,;i.,it..^     Will  udai.ti.a  lut  th.'  t..ll..w.nu 
i.i actk.il  iipplu  atii.ii-  : 

(j.).The  cluin;...u   .4   -.•■ii.l.ux    l..itt.!i.-  t". 

i-Uftn.mubiU-  of  iMiih  liiyh  ami  L.w  v.  It- 

aRo,  fnr  automnbili-  tiiginf  i«niti..ii   ...  i 

ht  ail  li~i't~  f'"'  t.  Mu.iu-  an.l  li  U - 

(ii.)  Tho  opt>rati..n  >4  kiiu  m.it..«iai.li  aiul  "tl..  i 

ptoj"  ti..ii  ,11.-.  vvlii'  h  arc  «-iI<l<'in  !-ati>- 

1.1, 1.. i\  w.th  ,Llt.  inatini;  lurrfnt-^. 
(iii.)  Till-  1.1'.  r.iti.'ii  "t  vaii..ii-  kiml-  ..t  i  l-  .  t."- 

nu-.lual  apparatus  -luli  a-  X-ray  api-ar- 

atu-.   tlitrm..-(aut.rv   apparatus,  small 

ini.tor-  t.'i  .1.  ..ti~l-  .  t.'-  '  ■ 
(iv.i  Til.-  op.raii..ii  ..1  il.at..-ni,iL;.u  t..  c.ntn.l 

aiiparatu-.  , 
(vr....'....l  l..b....it...v  w..rk,  vvlu-ro  tl..-  ah.rnat.n.L;  curr.nl  .ts.ul- 
'  "  .,1.1,      u-.  l.     .M  .1-.-^  n<.t  uiv.>  a^  U.hhI  r.-sult<  as  uni.lir.-.  t...nal 

curri-nts.  i  i  i . 

F,,,  Muh  as  th..s.-  .-nuni.  iat.'.l  >p.r.,il  .  '.t.i.-         ..v,t.labl.  . 

,he  Hu,  '.  .-.....r.  and  manufa.:tim-rs  hith.-rt..  b.-in.  ,h,  W. -t,„uh.,u-o 
Cu..p.  r-H.  w...  (  ..nMKUU   I  ..L,  Lond.m.  and  the  (.en.-ral  KK.  tru:  (  ..mpanv 

of  Scluiuctadv.  N,-\v  V'.rk.  ,,,r.,l 
The  standard  pam-1  f..r  a  t.vc-  ..r  t.-.»-a.np.r.-  bulb,       ■,>,.....(,,.  tur.-.l 
l,v  ,!u.  \V.Mi..iil.....-'  r.„.,.r.-llewitt  G.mpany,  is  >hnwn  m  1-.^.  M".;. 
-nu-  .mrcurv  r.-ct..,-.  .  ,...>unt.-d  l.Iund  th.-  pan^  and  f,.r  ^tartm« 

Tv.sfs  can  in-  rocked  In-  the  l.,.n.li.-    n.     •  r,.  -|-   

f,.,  the         eun-.-nt  are  in  the  plug  >..cket  T  at  the  b,.U..n,  ..1  th,-  pan.4 
in  add.tu.n,  there  i^  a  D.P.  main  switch  M  for  the  mam        c.remt  and 


/  l.'C/K/C/n-  /.V  /J/S  S//;.  .CL  J/.IX 


^  '■  i  .■        111'-  A...  ami  t.,.  c!i\uit-  rc-ivctivdy.  Tli. 

ant.'  tr.iii-l..;;iiii  i-  i:i  thf  louvr  part  '.i  tiir  .a-ini;-. 

!!:.■  .  .  nii.vti-i:,  an-  -!;,.\va  in  Fi^.  i.i,,^,  i„  ^^1,,,  h  tiir  -aiiic  ul,t.-v 
i.-ttri~  .n;  u-.  il  i~  I'l  1  i:;.  [.,„,s:  u    1-  :'„•  ^ta.tinm.  H-t,.|<.  ,.  ,  ,,|  j-i;^.  ,  („,>, 
an.l  K   N  a  i.  m-Mi-.     ^^^^  !,  „  a.iju-t.  ,1  1..,-  all  in  "lu. '.  .nl- 

.-n  •  '.vit!,  t':,  ,  ,,1  u-nrk  t.,  in.  .,1!,!,  itake-ii.  A!i  indm-tiv  roil  s  i,  i„- 
Mit,.!  in  th.-  .  ..  .  load  circuit,  in  uhicii  aiv  a!~..  in-.,,..l  th,.  uv..  nia^nm, 
,ut-ouf-  v..        ,n  •!■.■  -tartn,^  ,n,  mt  and  t'v  -  riu,   ,  -hunt       the  man, 

'lit.     The  .iinmc-tfr  a 
!--  in  thf  (  .c.  circuit,  aiiii 

tilt-  Wjltlllrlcr  V  is  I'.Ild^'cd 

.;cn,,i  the  tcnniuals  i  ni 
tiir  l.'.id  circuit. 

Till'  5-,iniprrc  .-i/.c  will 
'■urnnt-  in.m  ;  t., 
5  .iii)])>  rc-,  and  ihc  m- 
anipcri'  -izv  cnrrcnt- 
Ironi  4  tn  lo  ani])i  re^  :  it 
~iiotild  he  noted  that 
til'"'  1-  .1  minimum  as 
well  a:^  a  maxinuini  cur- 
rent, lience  the  pruvi-ion 

■I  t!le  -hlllll  K  I'l'Ji. 
1.1041  to  keep  the  lube 

;;oini;  when  the  current 
111  the  1, circuit  is  too 
-mall.  The  u-e  ot  >uch 
a  >liunt  of  cour>e  reduces 
the  elriciencyof  the  trans- 
foiinatK'n.   The  .\.r.  volt- 

aL,'e  nia\-  he  IroMl  IIK>  tn 

-'40  volts  at  40  to  do  tM, 


th. 


•  apparatus  !„  in-  .nlju-ie,!  1,,,  the  particular  Mipply  v..ltaKe  availahl.  . 
Hk'  standard  panel  tor  l.n-e  current-  i-  a-  -h-.wn  in  l-it;.^.  1,105  .md 
MOO,  of  whicli  I-u;.  i.i„3  i,  ,1  „-,,,„  vi,  u  .,n,i  Fi^..  i,:,,,",  a  h,,,  k  view.'  with 
tlie  i>rut..tniL;  .,,-n-  luiiove,!.  11,,.  .ailtiple  switch  at  the  bottom  of 
the  panel  ^,^ulat.  -  ny  varying  the  number  ut  turns  in  the  pnnuirv  of 
the  transformer.  Circuit  breakers  take  the  place  of  the  fuses  in  Fit;s. 
MO.',  and  1,104.  .111.1  a  -nii^le  po|  -witch  i-  in-ert.d.  in  the  -tartiiu  circuit. 
The  vt.indard  -iz,  -  lor  t!i.  r-  ctiner  bulb-  yive  maximum  currents  of  30, 
40,  60,  and  tiu  ampere-,  ihe  minimum  currents  being  S,  10.  20,  and  50 
amperes  respectively,  and  th.^  supplv  voltai.;e-  from  10,,  to  .'4.)'volts  at 
40  to  60  rj.     TJie  inuximum  voltage-  m  the  ex.  circuit  vary  from  40 


.I//,VC£.'A-»--  lA-C  h'Fx  rirl!"  P.St-t--^ 


t,,  v-lt-.     lii-  !'.<ii''l  -" 

ir.ilir-  wi.lr  .inil  .V  ""''i''-  I'i'-l'' 
iinl  ;it  iii.ixittiinn  \'  -"\         ;i  '  »  ■ 

1  Mlf  >•!   till-  Mall'linl  j>.lll'  1-  ! 

t!,r  i",.-n.  r.il  K!.-.  tnr  C  humiiv 
.l„,xvi'  in  I'iu^,  I  !"7  -""i  i-i"'"^' 
luiiiT  i-      ini:  a  iK'i't  virw  and  tli.- 
Kitt.r  a  M.w  i  I 

,|i,,,tlv  on  :i  .-uii^iim.T-  IM- 

„,,    .1,  ]l-il,.\Ml 

TIk'    mMW  ;mtii- 
I , ■nij"-n»,»ti>r,  as  it 
ui.iinrd  in  tin-  ii  n 
,1„-  tl--- 


xi\vxv  i^  tli<-i"il"r'' 
tr:ui>t"nn''r. 

1-  r.ili.'d.  i- 


l"'„nel  f.T  C  iir-iil- 


I- 


ronncit.'d  t.i  the  t.L] 


ri^hl-lianil  -idi'  "f 
.  ,ii!,itnm  dia!  -wit.  h 

ri,i-  -i.l.' ' a  th.-  >\vilch  jiivi>  tin- 
,t.liu>tm.  nt  1.  .1- varyins-the  voltage  sup- 

plifd  to  tlir  varmim  tul).'  MV.  r  a  wulr 
,  m^'.-,  acconliui;  to  tiif  ca  .  voltaL;.- 
„.,,,„rr<l.    Th.'  l.  ft-lKUid  sid.'  of  til. 
,wit.  h  ha,^  '  I'  vrn  .-..ntart  p. 'Hits  cm- 
mrti-d  t..  th.'  Mnall  "  .  ..nu-n^.'t'"- 
scen  in         MoS,  l"  lun.i  t!a  imh'  I. 
and  tlir  ni.'V  .  ni.^ntsof  tln>  switch  k'-'-' 
a  fini-  adjuMin.  nt  ..f  tlu- v.  .ltai;o.  lii. 
n.Kulatinu  -....i.tani..li~  -u.  h  that  .ai 
a  2i(>-v..lt  .  iivillt  «  a;.  v..ltai;.-  tnan 
JO  t..  175  v..lts  .an  Ix'  ol'taini-d  m 
a  cr.at  uunil-.  i  ..1  cia.h.l      p-.  an.l 
thm-  an-  ...m  ~l»>iidin;^  a.ljuMm.  ni- 
f.,r  a  1 1.. -v.. It  cir.;uit.    Th.-  niaNiinnni 
,  una  lit  ..l.tainabh-  is.  a-  u-nal,  .l.  t.  i- 
nun.  d  l.\  th.'  si/c  ..t  lamp  ust'd,  th.iv 
bfins  live  standard  sizis  kA  io.  J", 
5.)  40,  an.l  50  amperes  iupacit>  r.'- 
".p,  .  tiN.lv.    TlH'  tub.s  are  shown  m 
Hiy^.    i.i.i.i  and    1,1       th.'  t.am.T 
bJng  for  the  no-v..lt  an.l  the  latter 


F.K-  ...  '.  -  K.Mr  ViL 
.tf  So 

part  of  till'  p.iiiel. 


m 

m 


Fiii.  I.I  7.  ■      -■.  . 
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Till'  reasdns  for  the  diffin-ncps  have  hofn 


mil  will  In  l)i"it  rc(iTrf(! 
ui).  uiii.  h  a|)plies  to  thi- 


f(ir  'It  -u|i|il\-  riti  uits. 

iilroady  i-xplaiiu  il  dx  when'. 

The  other  appanitus  on  thi'  piiu  i  i-  -imp 
to  l>v  a  (l(-.iii]iti"n  '<\  the  ])ioirv^  ,,t  -taitm 

other  panels  illu>trate.l.  i  tlouhle  <hal  Mviteli'  having;  Inrii  set  to  tli 
proper  position  for  the  r.r.  voltage  reqnired.  the  .lotil.le-].,.],.  main  switd, 
on  the  left  and  th,'  ciiviiit  hn  aki  r  at  tlir  t..,,  ,,t  tli,  p.m.  l  an-  b..t!, 
dosed.  The  spiini;  >\vitdi  on  the  .xtnin.-  ni,'ht  then  moved  to.  ami 
lield  in.  th.-  starting  position,  \\hil>t  the  tube  behind  is  r(<eked  by  means 
of  tlie  handle  dose  to  the  starting  switeh.  .\s  M.,,n  a<  the  tiil.e  li-iit-  up 
showing  that  the  mercury  arc  is  formed,  th.'  -.tartiiit;  >\vitdi     r,  kM,s,  ,1  an.l 

automatically 
springs  back 
to  the  Work- 
ing position. 

The  action 
of  the  start- 
i  n  switch 
just  rettrred 
to  has  yet  to 
be  explaini'd. 
Owini:  to  'he 
fact  that  the 
poles  of  the 
battery  to  be 
chained  are 
connected  to 
•the  terminals 
(•-'■'■  I-"it;. 

1. 104),  tlie  kathode  k  is  polarised  as  ati  anode,  and  the  auod.s  \,  \. 
are  pol.mM.l  a-  kaihudo  by  th,-  luitrrv  brt.Mv  th.^  eunvut  1-  swit,  li,-d 
on.  Aganist  tin-  ounter  k.m.i--.  the  ivctilier  v  !1  not  start  reacUly,  and 
th.ief,.ie  a  noi,-nidticti\ e  resistance  is  mounted  as  an  au.xiliary  starting 
load  on  the  back  of  the  pand,  and  wh,  u  thr  starting,'  switc  h'  i.  ,mllrd 
over  the  batt.Ty  is  .  i.t-out  and  this  reM-ta-i.  e  ,.laced  across  the  mains 
When  th.  Mvitch  fh,-  back  to  the  working  {w,sition  the  batterv  is 
restored  and  the  starting  load  cut  out.  The  in^-trument-  m-unt,  .!  on 
the  top  of  the  panel  are  an  ammeter  and  a  voltnirter  plac-.l  in  th.  ,  . 
circuit  for  mcaMiti      the  1  .c.  output. 

Similar  j.ai„l>  have  been  standardised  for  kinematograph  operating 
for  chargmg  small  batteries,  and  for  working  small  motors.  As  alreadv 
mentioned,  the-!-  ,0;     t-  -t.-.::  !  ud  m  t-  , 

Battery  (7/.,;-,;/...-  .\n  installation  of  tiie  Westinghouse  Cooper-Hewitt 


G.  E.  Standard  Rectifier  Tubtj  to  50  Aniperei  at  320  Volts 


Mercurv-akc  RhxTiniK  CiiAKi.i.\i,  Sr.rnw 


pniritu-.  -jHciallv  nvitr.l  f..r  the  cluirgins  of  autonu-biK-  Mron.l.iiy 
...imncs.  IS  >liown  in  1  i^'.  i,i  1 1.  It  c..nM>ts  of  a  cntr.-l  piuiel  at  tho  end 
,,f  the  room  facinj,'  tho  si,>rt,it.>r  aiul  iv.  (iii,  r  i>.in.  l-.  m,  nth.  r  M.lr. 
-here  are  nine  rectifier  pamls  shown  in  the  tiguro  with  ^l>.l.  <■  l.u  truth. 

On  the  control  panel  there  is  a  n.P.  main  switch  M  with  ,ui  .miiiu  t.  r 
V  and  a  u.v.  fusf  i  ,  all  in  tin-  main  -upplv  (  iirnit.  The  supply  voltage 
.'zio  volts  sinsh-i.ha-e  at  50  ~,  ami  is  swit.  li.  .1  .iitv,  t  on  to  the  rectiher 
pmels.  In  the  panels  circuit  there  is  an  a-  ni.  t.  i  a  ,  and  a  vlinu  1. 1  v. 
with  a  D.P.  switch  S  supplying  current  to  bu-bar  h-.^U  win.  !■  run  round 


Kig.  i.iii.  -Mercury-arc  R«t.fi«»  Installtd  for  tharsing  SecoriJary  Balteri,*. 

behind  the  rectifier  panels  on  cither  ^idr.  An  int.  f^ratim;  wattnu  t, f  wa. 
lat.  r  plac-d  in  thr  re.  tifin  rirmit  at  w.  The  other  switche-  control  ligliting 
and  powi_r  circuits  not  coiuio< :t.  d  with  the  rectifiers. 

The  rectifiers  used  are  of  the  ,;.i-a,nprr.'  M/r.  and  tl„-  ip.aximmii  .aiiput 
of  ra>  h  panel  is  jo-ampercs  at  120  v.  lt>,  Mitli.  icnt  lor  an  or.lmai  y  auioni.  .bilc 
l.attcrv  On  each  panel  there  is  a  D.P.  main  switch  M  ui  the  .\.(  .  ciiciiit.* 
a  starting  ~wit.  i,  s  tor  th.  bi.uuli  .Uviuv^  '  ir.  nil  l-ig.  1.104^  .'"d  a 
tilling  handle  a  lor  tiltiny  the  ivclifu  r  on  Martin.:;  ;  aUo  s  v.  fn-~  1  ,  ..nd  i-, 
in  the  A.c.  and  c.c.  circuits  respectively,  and  a  voltage  n  gulator  k,  .  .  n 
iKcted  to  .Hff.rrnt  tappin-^  on  tlie  auto•tI■an^^o^ner.  llie  mstrumenl> 
are  an  ammeter  .v  and  a  voltmeter  v  in  the  c.C.  circuit,  and  two  circuit 

•  Only  ihi-  ii.uhI  <"i  tlie  e.\irtiiie  kU  is  1<-Hcrtit. 
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breakers  b  and  6,  B  set  to 
open  on  overloads,  and  b 
set  to  open  wlun  the 
currt'iit  falls  hcldw  a  cer- 
tain nuniinuni.  The  in- 
stallation is  compact  and 
well  ;Hla])te(l  for  the  pur- 
pose ill  \  ie\v. 

Iligh-poii-cr  A  ppl icu  - 
Hons— In  actual  practice 
the  applications  of  the 
nierciiry-arc  leetilier  to 
the  liandling  of  large 
quantities  of  power  have, 
up  to  the  present.  i)eeu 
cliietly,  tli(iuj;li  not  ex- 
elusi\c]y,  devoted  to  two 
special  operations.  In 
one  of  these  the  load 
consi>ts  tif  a  large 
number  of  magnetite 
or  luminous  arc  lamps 
in  seriis  requiring  a 
small  current  at  a  high  voltage,  for  which  purpose  one  small-current  glass- 
tube  rectifier  or  two  such  tubes  connected  in  series  are  used.  In  the 
other  a  high-power  continuous-current 
locomotive  picks  up  single-phase  current 
fniin  a  liigh-voltagn  overhead  line,  and 
the  requisite  continuous  currents  a^e 
supplied  to  its  motors  from  a  single 
nietallie-cas(Ml  rectifier. 

Fur  the  first-named  purpose,  in  whicli 
small-cum  nt  glass-contained  rectifiers 
are  used,  the  combined  set  as  designed 
andjmanufactured  by  the  General  Elec- 
tric Coni]K\iiy  (if  Schenectady  is  shown 
in  Fig.  1,112,  which  is  an  external  view 
of  a  single-tube  apparatus,  including  the 
oper.itiiif,'  switch  panel.  The  mercury 
tubes  Used  in  these  sets  are  illustrated 
in  Fig.  1,113,  which  differs  chiefly  from 
the  tul)e>  previdusly  illustrated  (i.)  in 

the  long  length  of  narrow  vacuum  tubes         Fir  i.nj.-i;.  e.  Rrci.fier  Tube. 


Kii;.  1,111.— Seii.s  M.rciiry  .in   Ri.  llti<  r  Swilili  I'ain 


Lakce  MuRCVKy-ARC  KicriFiER  Seis 


,l,ich  sfjwratc  tlir  tw..  ,,M..:1.-  fiMin  -n.  ,,n..t!,.  t.  .uul  .n.  ni  liavini;  two 
t.irtins  cUrti-cl.-..  one  on  .  itlu  r  ..t  tli-'  ni.mi  nu  n  my  katlio.lr.  ^o 

•hit  flu-  action  ran  U-  ^tartid  by  rockinK  tlu>  tube  in  titlur  ur  both 
.!!<  ■  ii"n-.  . 

Tlu-  ai)paratu-,  witli  th.-  nnioviil.       -liown  in  Fli;.  MM. 

liagrani  i.f  tlif  rnnn.rtion-  I.t  a  donbU-tulM-  outtit  w  uiv  ii  u>  I  m  i  1 1  5 
P.m  whidi  tlu-  -ini;!.-  tnb.-  .  onnr.  tion>  tan  W  intn  i.  a  l>v  .  InnniatuiL; 
111-  tubi-  an>l  tlii  ToiN.  i  ti  ..  --])n-iallv 
lulonijini:  to  it.    Ir,  rit!i>  r  c  i-r  .  nK 
,.nt-  main  tian~loinu  r    i    i~  u-rd. 
r!ii>  tran-^fomu-r  i-^  of  tlu- i-on-^tant- 
.  h.u  nt  i\  v<  .  ar.il  it-  piiniai  \-  I'  i'  i- 
,  ,.niu-i't<  il  dui  .tlN  at  lo-- tlu  -tipjilv 
mains  throni;li  tlu  piiiu;  -witclu's  K  \^ 
.,nd  tlu-  fu-i  ~  /  /.  which  arc  mounted 
,.n  tlu    low.  I  jiart  of  the  paiul  in 
1-iL,'.  I,IIJ.    Tlu-  pnmarv  coil  of  tin- 
transtorincr  is  nu>uiitcd  on  rocker 
arms  a  a  (Fig.  1. 114).  with  a  counter- 
balance weii,'ht  \v.     It  -lidr-  on  tlu- 
core  of  the  tran^tornu-r.  and  tlu  <  ur- 
rent  adjustment  Is  madi-  by  alterinu 
the  counter-balance  weight.  Should 
the  curn-nt  rise  or  fail  whilst  workinp. 
the  movement  of  the  coll  will  bring 
back  the  working  voltage  to  the 
prearranged  vali'c  by  the  necessary 
alteration   of    the    voltage    in  the 
secondary  coil>  s  s.   A  reat  tance  R 
(Fig.  I.I  15).  mounted  on  the  base  and 
placed  in  serie-i  with  the  load,  re- 
duce- the  i)ul>ation>  of  the  (-mreilt 
in  the  load  circuit. 

I'he  standard  voltagt  on  the  primary  coil  is  2. -'00  v.ilt-  at  or 
period^  and  the  oidv  adjustment  required  is  that  some  .  xtra  wiiulmgs. 
known  a-  the  So  per  ,ent.  lap.  /  ni  1-ig.  1. 115.  aiv  provi.led.  which  can 
be  thrown  into  ciicmt  on  light  load,  thus  reducing  the  v-ltai;.  in  t  ie 
secondary- circuit.  The  >tandard  currents  in  the  second.n  v  l>\  whu  h  the 
ti.in-l.irnur  i-  w.amd  are  4,  s.  '-r  fe"  ampetv-.  acconhng  to  the  type  of 
>eiie-  arc  lamp  ..i  which  tlu  L  ad  cn-i-t-,  and  the  ^tan.lard  curivnt  is 
from  one-third  to  full  load,  independent  -1  tlu  number  ol  I. imp-  m  .  11.  uit 
(.,  the  nia\inuim  of  twcntv  Uve,  h!tv.  .-r  -  ■•■i-nty-tive  l:,,P.p-  t-i  uhu  h 
tlu-  particular  set  is  designed".    With  the  Xo  per  cent.  "  tap  "  the  regu- 
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lativHi  i-  ctrn.d  down  to  uiU'-fifth  (if  full  load.  Tlu'  .  Itk  ii  iu  y  is  qo  por 
ant.,  villi  ,1  ]».\vtr  (actor  of  0(15  to  070  at  full  load.  Sets  have  been 
dtsigiifd  f..r  frc ini.  ncif's  up  to  13J  pi'riods  and  for  primary  voltages  up  to 
l.5,Joo  volts  but  these  are  not  standard.  For  load-  of  fifty  or  M  vmtv- 
five  lamps  the  double  tubes  of  the  (hagrani  (I-ii,'.  1,115)  are  used;  the  _'5- 
laiiij)  -( t  has  only  one  tube  as  ^hown  in  I'ij:.  i.iij. 

The  part  'if  the  set  shown  without  the  case  in  Fig.  1,114,  "PO"  which 
is  mounted  most  of  the  apparatus,  is  air-cooled  ;  but  the  rectifier  tub-  is 


oil  -  cooled,  beint; 
immersed  in  oil  in 
the  small  tank  <i. 
Tiif  oil  itst>lf  N 
water-cov  led  by  the 
circulation  of  water 
through  a  cooling 
coil  immersed  in  it. 
The  rectifier  tube 
is  mounted  upon  a 
removable  carrier, 
a-  -liown  in  Fig. 
1  . 1 10,  in  which  one 
carrier  with  its  tube 
is  Men  in  front  of 
the  tank,  and 
another  carrier 
seen  partly  raised 
out  of  the  tank, 
llu'  arraiiL^cintiits 
for  starting  the 
action  are  first  a 
soh-noid  electro- 
magnet m  (Figs. 
1,114  i."5). 
mounted  above  the  tube  tank,  which  is  bridged  across  the  primary  of  the 
exciter  transftirmer  (see  infra),  and  is  thrown  into  circuit  momentarily  by 
the  pull-button  >\vitrli  is  (I'igs.  and  1,115).    On  releasing  the  button 

tJie  circuit  is  opened.  When  energised,  m,  by  means  of  the  tracker  and 
spring  attached  to  its  solenoid,  slightly  rocks  the  rectifier  tube  so  as 
to  form  the  arc  between  tlu  kathode  and  one  of  the  neighbouring  elec- 
trodes. To  supi)ly  current  lor  this  arc  when  the  tube  is  rocked,  an  addi- 
tional secondary  coil  s  s  (Fig.  1.115)  is  wound  on  the  constant-current 
transformer  at  the  top  ot  the  core.  Tiiis  coil  supplies  current  to  the 
primary  of  a  small  exciter  transformer  x  (Figs.  1,114  ^"xJ  ^."5).  placed 


l.AKGF.   J'-'lfiK  /.\s;A.' 


1080 
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on  tli>-  paiK  I 

lllc  li  ll'lf  tin- 
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„  the  ba-e  luhiml  the  oil  tank;  its  secomlary.  which  has  .luiie  a  low 
Itipo  has  its  middle  point  connected  t-  the  kathixle  of  the  tube  and 
.ml' terminals,  one  to  e.ieh  of  th.'    .uN.liaiv  .l,.n,..U..    It  thus  can 
-upply  the  necessary  current  whichever  Llertr-dr  e..iu.  -  int.-  .u  iimi. 
As  regards  other  apparatus,  the  ammeter  a 

,nd  in  the  load  circuit,  which  i-  .it  a  liif^h 

,uter  case  of  the  instrument  is  carehilly 

,  arthed.  Of  the  three  upper  plugs  on  the 

(Kind  (Fig.  1,112),  two,  G,  and  G,.  act  as  a 

doul)le-pole  switch  in  the  main  circuit,  and 

G3  is  a  short-circuiting  plug  -witch  u-rd  t.> 

rut  out  the  load  instead  of  opening  Gjor  Gj. 

Liglitning  arresters  l  A  of  the  horn  tN-pe, 

with  series  resistances,  or  aluiiiiniiiin  cell 

lightning  arresters,  are  mmintid  vn  each 

pole  of  the  load  circuit.   In  addition,  static 

discharge;  s  i),  consisting  also  of  horn  gaps 

with  series  resistance,  are  bridged  across 

between  each  anode  and  the  kathode.  They 

protect   the  tubes  from  severe  electrical 

strains.  Indicating  lamps  l  are  placed  elec- 
trically, as  sliown  in  Fig.  1,115.  ^ut  actually 

on  the  top  of  the  transformer  to  show 

whether  the  apparatus  is  worldng  normally 
or  other\vise. 

In  conclusion.  Fig.  1,117  shows  thirty- 
six  of  these  rectifiers  in  actual  use  in  one 
of  the  main  stations  of  the  Union  Gas  and 
Electric  Company  in  Cincinnati.  Each  set  is 
a  double-tul'e  75-lamp  4-ampere  rectifier  set, 
and,  although  in  a  generating  station,  the 
group  is  in  effect  a  transforming  sub-station 
capable  of  supplying  current  to  2,700  lumin- 
ous arc  lamps.  Some  idea  of  th"  size  of 
the  sets  mav  be  gained  from  tlu  statement 

ttiat  thcv  varv  from  78  to  130  inclies  in  height,  iiom  31  i  to  44  inches  m 
width  and  from  4'J  to  77  inches  in  depth  without  allowing  for  the  space 
occupied  hv  the  >witcli  pan.  1.  The  net  weight  varies  from  i,<d<)  to  lo.boo  lb. 

Ii/f-The  question  of  the  working  hie  ot  rectiiur  tui.es  under  the 
conditions  just  described  is  both  interoting  and  important.  A  n  rc.rd 
kept  of  the  rectifiers  n>ed  by  the  Public  Lighting  Commission  at  Detroit 
give^  an  a^erage  life  01  ov  er  2.900  hours,  whilst  two  individual  tubes  huted 
for  10,047  and  12,434  hours  respectively.  These  results  were  obtained  by 
121 
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skilK'il  and  lanful  liiindling,  tlio  t.  nipctatiin  df  tlir  oil  L.ttli  lu  iiii,'  b  pt 
constantly  at  ,Sn'  F..  with  obsiTvations  .■v»i\  lilt.ni  miniitf*.  '.'lie  luik- 
in;,'  .iitaiii,'.  111.  lit  was  also  bn.uglit  automatitally  into  play  to  restart  a 
tulu'  It  till'  (iiiiiiu  tlirougli  it  tfa«((l. 

The  alw.Vf  ti^nn'  for  th.-  avfrai;.-  lit,  a|.|.li.  -  to  the  tuh.  s  „n,l,.r  \v..rk 
in,!,'  r,,n.lition-.  Nut  with  rx,  ,.|,ti,,|,,,|K  .ki|i,.,l  t.  .|,iii,,,l  .,tt,  iiti..ii.  rn,l.., 
onliiiai\-  wikiii-  .  oiHliti-n-,  uit!,..iit  mk  Ii  attriit,,,,,,  l.nt  \miI,  iraM .ii,iM.> 


Fig.  t,it7.~tn<t«llation  of  Mtrcury-arc  Rectifiers  in  Getierating  Stai'on. 


care,  tlu^  Knglish  manufacturers  Ruarantoe  a  life  of  1,500  hours  continu- 
ous burning,  and  will  npla.  .-  tii'>,-  which  hn  ak  (i..wn  with  a  short.  nn. 
For  intermittent  vvorkin!,'  the  fiuaiantctd  life  i-.  not  so  long. 

Mereury-apc  Rectifiers  in  Metallic  Vessels.-The  nas.ms  for  the 

limitation  of  the  current  in  a  mcrcun,--arc  rectifier  enclosed  in  a  ^lass 
vessel  to  about  80  amperes  \m\  bnlh  have  been  already  explained  {-cc  p,.-, 
I070'.    To  Ii.'inilli-  lai  i;i'T  i  in  i'  iit-i  !■'■  t.iUir  r.  •i.taiiijiv'  1,        ^ .l-.^-j.  .jj^jy 

desirable,  and  durinj;  the  la-t  few  years  nuicli  experimental  work  has  beeii 
done  in  America  and  in  Europe  to  overcome  practical  difficulties,  the  most 
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,„,l,l,-,.,,u  <if  wlii.  li  li.ivrlH  rii  (1  niaknii;  t . . .nt.imiii.;  v.  -m'I  Mjfticji-ntly 
ur  tit^lit,  osptrullv  at  tlu'  i-Urs  Nvh.  i,'  tlw  .1.  .  tn.  .  un.  nt^  Unl  m 
,n.l«ut;  and  (ii)  providins  .  ftuiont  c.K.lint;  arrant-.-mt-nts  and  r.-ncU  nsiiiR 

h.iiiibiTS  fur  tlif  v.ipiiii^d  int  n-uiy. 

Mud.  rn  ■■  un„.  la,l  ( tifu  r>  atv  n-nv  made  in  which  th.-  arc  «s  .-ncloMMl 
,n  ii  ^tr.l  .All,,.!,!  m  ..  vvatrl-)a.k.t..'  lu.un  rl>.nnlMr  xvitl.  M-pavaU- 
.  ,„,U  nMnn  chamh.  !^  al...  wat.T  ),..  k.  t.'d.         many  a^  12  an."l.-^  vm!1> 

„,„itu^  ..{  from  V>  t.)  2<".  inip.ns  earh  have  Wi-n  us«-d,  th.'st-  bnng 

,„u,„ra  .  nnrnnmaliv  wul,  on,  mivuI  u  ,  ath..d.  at  che  b..tt«tn  of 

,1,0  main  .  hamb.  r.    Mi,  h  ,v,  tiiu  ,  -  Imv  ■       n  -tan^lanli^.  .!  for  nirrcnts  o» 

•v.  and  ^o<iamp.T.-  at  no  to.Sc«.  v..li^.  th.  -an,,  i.  ■  i.lu  >  b.  n,^  availab  -  lor 
V  v.,lt,m.-  within  th,'  -p.'.  ih.  a  limits.    Klaboiat.-  >■  h.-m.'^  tur  parall-^iing 
,h,„.  r.-.  t.tir,.  ,,n  .  n,  .  tuo  and  lluav-pha^o  network^  havr  hoen  sncressfully 

,i,.%vlop.Hl       that  lai^.   amolint>..l  poua  l  ,  an  b,'  han.ll'  UMth  th,  n>  lul  thr 

prodiu  tion  ol  hi^li-voltag.-  cuntimions  .  m..  ni>  1,..  t,a^  l.-.n  ui  .,ih.  r  w,..k. 

II.    iim -KA 1  ii> ii>r  KM  mil  i^- 
\  vacmi...  tub.,  m  uiu.  h        ot  tlu'  .k-  t.      -  is  hot  and  the  oth.-r 
cold  acts  as  a  rectifier,  the  hot  eUrtrod,:  brhav;,,,  a,  a  kath.-h-  an,!  th,' 
,,,l,l',.U.,„„d,'  as  an  anode.    Th-  action  i,  due  to  tlir  emi~M,m     n,  i;atu,  lv 
charL-ed  .Ir.  tion-  l.-.n  th.'  hut  .  l.-rtrod.-.    This  emission,  if  the  resultan 

-•--  charges  .,n   th.'  h,.t  .h.f  ,..!.'  a.  nv.A.'.l  throufih  an  external 

r'r.uit  to  the  other  ekctlo.l.',  will  maintain  m 
that  circuit  a  unidirection.il  chrtric  current  which, 
if  under  proper  cntr.il.  can  b.-  utiliM.L  It  i~ 
with  recent  developments  in  comu'cti,,n  with  -n,  h 
control  that  we  are  concerned  here,  th.- 1  in .  v.  ti.  al 
aspects  of  th.'  electric  discharRC,  of  which  thw 
IS  a  special  instance,  b.  ini,'  de  dt  with  in  Chapt.  r 

XVIII.  of  Vol.  I. 

The  Kenotron. -The  Hdison  eff.'.  t  d.  >cnb,  .1 
m  Vol.  I.  (fvc  patie  2  is  an  early  instance  ol 
the  plu'n..nu'non,  but  ..lid  not  l.  ad  to  anv  l.'chnu  al 
development  at  the  time.  Much  moi.  1. . .  iitlv  th,' 
subject  has  been  taken  up  by  Dr.  Cool!,!:;,  .  wh  ' 
in  191J  described  hi-  now  well-kn.iwn  hut  kath..de 
X-ray  tube  in  which  voltages  u])  to  10,. ,000  V. -Its 

are  used.  Still  later  m  1915  expe.unems  bv  Dr.  >.  1 ).,  -!..,.  .,.,  m  the 
research  laborat.,rv  of  the  General  Klectnc  O.nipauy  at  h.  lu  ■  ta.ly, 
Icl  to  the  devel.-pment  of  the  •' kfmtron."  -f  which  on.'  simpl.;  type  is 
shown  in  Fig.  l.^r-.  A  tnn.-,  n  -vin'  filani,  nl  winch  -  an  b,'  rai^.-d  to  a 
high  temperature  bv  the  pa,sa^.'  ot  a  curr.  nl  1.  .n„nnt,  ,l  between  the 
leads  F  F.  and  passes  along  the  axis  of  a  molybdenum  cap  or  cylinder  A. 
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li  HI  ill. mil  ti  I .  w  Ilk  I 


ft'i  in>  ilu  aiit'iU  .    Tho  supports  of  the  cylinder 


t'urrtnt  ('ur\t- 
tctiipcralurf  I. 


act  a>  k;nh  Icr  l)riii«iiiK  curRnt>  to  tlu-  anuilc. 

If  ri'w  fhf  cla*>-  hnlh  be  liiu'hiv  <xhaii»-tid  and  an  alti-rnatini;  P.U. 

lir  III. lint. niii  <l  lictwii  n  tin  i  \  liiidt  i 
A  and  tlu-  li>'t  tuiif;~t(  11  win'  111 
side,  only  tin-  lialf  wavi-  <>(  cnrnnt 

\\!lh  li  Wc.llld  111'  (111,  ,  1,  (1  ||,i||l  tlii 
•  -11  1  I'l  tlir  Will  will  JM-^,  tilt: 
liali-wasr  Ixiiii;  -ii|iprfSSfd. 
This  result  is  shuwn  in  Fif;.  1,119, 
which  depicts  two  oscill.i{,'ranis. 
tin-  iipjiiT  brim;  till'  i,-(ill,iL;i,ini 
uf  the  alternating  j-.d.  and  the 
lower  that  of  the  current  which 
l)a---('-.  T'lf  iiiaxiinuni  (scmi- 
.iiniilit uilr  1  \m1iic  (i|  till'  I'. I),  is 
iNii  \<'lt-,  aiul  the  niaxiinum 
iirdinate  ot  the  unidirectional  cur- 
rent is  230  milli-aniperes. 

The  k.itlu  lie  in  tlii~  (  a-c  was 
hot  enough  lor  the  voltage  to  produce  its  full  effect.  If  the  kathode  be 
not  sufficiently  hot  the  current  produced  is  of  the  type  shown  in  the  lower 
curvi'  in  Fig.  i  ijn,  in  whitli  the  raising  of  the  P.D.  above  90  volts 
produces  no  ailditumal  currmt. 
This  i>  due  to  the  fact  that  the 
rate  of  emission  of  electrons  from 
the  kathode  depends  on  the  tem- 
perature, and  as  tlie  current  is 
entirely  due  to  the  transfer  of 
electrons  when  the  maximum 
tiiiis^ii  ill  corn^pondin;,'-  ti>  thr 
teiiipcratun'  1=,  rc.iclitd.  no  .iiidi- 
tional  current  can  be  obtained. 
The  bulb  is,  as  a  matter  of  fact, 
so  highl\-  t  xhausted  that  a  steady 
unidirectional  vi , It  age  of  luo.ooo  or 
150,000  volts  produces  no  gaseous 
discharge.  We  cannot  here  pursue 
this  interesting  part  of  the  subject 
further. 


/ig,  V'olMite  and  Current  Curves  of 

>  "  Kenotron  '  (lemperaiuie  low). 


One  method  of  making  tlie  electrical  connections  for  the  alternating 
current  to  be  rectified  and  for  the  currents  which  are  to  keep  the  katl")dts 
hot  is  shown  diagrammatically  in  Fig.  1,121.    The  alternating  current 


f/.ii-m/  A.'  llor  KATii, 


1„   I,  ,  tun  .1  I-  )ir.HlM'  1  'I  in  'li''  " 

.An  ktlli>tl<'ll>  .ir<'  U-tll.  >'ll'-  ' 

I  \\\'-  /iTi>  ]-Mi-iti<>n.  ami  tli--  ntln  i  'K. 

„t  K  ,     lur.illv  ~imil.»r  to  tli>-  (i'liil 
;  ,„,s  ,  l.ut   111  till-  .        th.  IV  iiiu-f 
K.itliu.lrs  briiiK  pr.i.  tir.ilh  iti  (Ml. .11. 
ut  .ininK  half  ot  th-'  .'>ii  -upiaMii': 


u;ll 
alii" 


th. 


11.111  |..iii»  r  1  1    an  1 
t!i.'  h  ill  \<  1^  -  '"i  '''I'' 

i,  ,!!  A'.  .\  .  -         I     '     ..I  I. 

in.  I.  ui\  -.11.   !■  '  ' 

I..'  t\\..  kalh.'.l'  -.  th'-    I""  ■ 

I  v\ith  . h  .-t  th"  y  i;  1  li''^^'*- 

till-  .lit.  rn.if.m-  .  mih  iit-.  Ii^  tin-* 


i.:iaiii 


till'  anodf-  an-  r.iii.'-.  iiti  cl  l>v  t!i 


.,1th. nil-  I'V  till'  I  UiVnl  hll.-  1  .il"l 


tilt  hii'  A  ..ii.i  \'  .iii'l  111'- 
1  will.  h.  It  -li..uM  ii"t'  'l. 
,:in  ciuu.t  with  a  m.mH  lutl.-.v  an.l  an  a  !,u-t  iM-  ,v-Man,  -  th-  ..l.j.v. 
„t  t!u-e  .•iroiits  bt-ins  to  supply  th-  nu..  nt-  uh'.  h  u-  i..  .t  up  Ui. 
1  .,h,„l,.-  tn  ih-  .i-.-es..arv  t.-nip-ratuiv.  Th-  .  .-lul-.i-r  .  pia.  -.l  - 
,1,,  l.M.l,  -of  th-  uni.lin  ctional  rmn  iu  r-hi. th-  ainpl.tu.l-  -I  tl..- 
pulsatit.ns,  ami  wli.  it  it  i-.'t  tli- 
proptT  niagnitudu  tlio  llm  tua 
tions  of  a  loo  inilli-ampori'  cui 
I -lit  hav-  1>— n  f.iund  to  be  lf>> 
than  5  p^'f  i-nt. 

Keiiotrons  have  bwn  con- 
-trni  t-.l  t.i  ^iv-  l  um-nts  as  hijih 

1-5    anipir->  (i-5"«> 
ampi'res),    but    for  cuiinunia 
]iiiip..-.  <  th-  inaxinuun  w  aln.vit 
zyi    niilU  aiui.ons.   at  voltusj-s 

up    to     I.io.ooo    V.>lt-.    of  al'i.llt 

25  kw.    Th-  voltaic-   .Irop   111  ■  =■■■■«-;■;•;',','.;•,  \ 

the  ki-notron  itselt  when  r— tilv- 

in-  Mirh  curr-nt-.  of  the  al.ov-  ov.l-r.  B  f.' 'in  n-o  t 
then  loi-  -aiiii.a  b-  u-.l  in  losv-v.ilta^e  circuit-. 

Gas-mied  Rectiflers-  -Th-  va.  umn   n,   th.-    K,  r...ti..n.  a 
mrntion-a.  is  -xtt-melv  hish,  ami  it      t..un<l  that  th.-  p.-.  n" 
,,„„iti-^  of  m.i-t  .ases  has  a  ,nark.-l  -fi-t  up..n  t,,.  .m-u- 
,Lnv  ra->  -ultinu  aoxvnth-  -l.  -ti.m  .  tm-u.u  to  a  -,n  11  ..a-ti 
ubtainal.U'  in  a  hi^h  va.  num.  an.l  .  au-nu  al-..  at  l-w  pn 
intesjration  of  th-  katlio.ie.    Inert  .L;a-.  -  ..i  .:  \  .;■■■•l!- 
t.,  hav-  api.ar.  ntlv  11..  .-ti-t  ni.on  th.-  .1.'.  tv.m  .  nil 
b.-  iikkIc  .'t  pnr.'  tnni;-t.  n 


V.' 


V.  It-,  an.l  It 


alnailv 
..|  -111. ill 
in 

11  ..!  th.it 

•  th-  .ll- 

.  t,.nii.l.  l;.'\v.  V.  1 
i,.n  li  th.  k.itli.'ih' 
Kxp,  nm-nts  w-r-  th.'n-f. .P-  nia-i-  uni.  .uuou. 


drawn  lr.>m  sucl,  r«.i6.T».  .1..  ....H-t^"  f't""'  "" 


1 


IC04 


Electmkitv  im  thk  Sexr/cs  oe  AlAy 


Av'ww   III  Fii;- 

•lill.ll  i>l   t  lUILI-trl. 


/'//!•  luniiar  A',. Ill  M.m  h    nii;,  tlif  roctificr 
M.'J  .mil  i.ij  jwi  r.  .iiiimuiRiiJ.    Tin  k.itluHlf  is  a  rlosi- 
wire  htrttthtil  Ixtwcrn  tlu'  two  Inwrr  tungsten 
l«;a(N,    wliicli,    jhi—ing  tliiniifli   tin  u. 
attnclicd  ti>  till'  ■.(•iiAv-scckft  ttiiiiiii.il-  III  \\\' 
ii-ii.il   w.iv.     I'.iriiiL;  this  spiral  i>  a   bio.  k  .1 
gMi'liii.  ,.|  ulativrly  Kir^'o  cross  stTtion,  ■.vliuli 
acts  as  an  .mode  ntifl  whii  h 
•  .uii.d        ,1  tiin;;-trii  1,  .1(1  will,  li 
l'.l>-rN    tll|o||i;||    the  «la-.. 

i.iJi  is  a  twn-aiiUM  rc  hull),  wliii  li 

.iliMiit  ill.  Ill  ~  ii,  (li.iiiicii  I  Ml.! 
Iirtuicn  5  .mil  i>  111'  In  -  I.iiil;.  I  il;. 
I  shows  a  six-aiDjHTi'  l>till>. 
known  as  a  titnuir  ri'Ctifit'r.  and 
whirli  is  ahmif  ;  iiiclics  in  diann  tiT 
mil  7  III  S  111.  h,  -  |..iii;.  rin  luilli^ 
li.iM-  iKt  ii  can  liiUy  (  \liaii>tt  il  t>» 
till'  hitrhtst  juis-ihU-  va<iuim  and 
tlicn  lilji  il  with  \  i  I  \  jiuii  .iri;''!!. 
(  rrt.iiii  iiii|iiii  itii  ~,  II  [111  »rnt  in 
cvi'n  very  -mill  . |ii,iiititifs,  pr.i- 
thicf  a  markiil  di>inti'f,'ratiiiy 
I'ffci  t  on  the  kathodf,  and  ahu 
.il'fri  I  thr  wmkiiii,'  \  iilt.ii,'!'.  i'ui  i- 
fying  sulKtanr.-^  arc  tlicnloic  introduced  in  the  form  of  a  wire  ring  on 
the  anmlcs,  and  when  the  tube  is  started  these  purifiers  are  volatilised 


li«re  Tuni:ar 


*  — Twoampcrc  Rrciitier  wiih  t  .  ..i  j 

and  absorb  the  deleterious  foreign  gases,  leaving  the  resultant  arj^x^n  gas 
remarkably  pure. 


Tub  Tvm:ar  A'/ 


•  095 


nr 


1  


I 


♦ 


1 


7v 


^ai  /  \ 


,l„    ,•„,„,„  „  ,,l,M,,u-l..  ,1  1mU-v^,.v.-  ....uVt.  ami  two  „MM  »H- 
,  i,.„h  l.all-w..v..  a,,  f.  W  ...t>U..l.    \V»,.n  f.r-t  l....u«ht  ..ut  onlv  hu  f- 

,11  t>.itt.iu  ,  n-.'l  ior  UuhtinK  .iifl  -taitiim 
.,  p.iinl-.lruni  aiitomnhil.'s.  A  two-amj-.r.- 
,,tiffr  s.-t  Nvitli  ..'V'  i  i'  iii"V..l  1^ 

i  li;    I  I.'4,  ami  a  .liaKtam  .'t  tlir  ri.lUI.  ■  H'  l 

^iv.n  in  !m«.  »»       .l.Mcn-l  • 

.        ,  un.  nt  H=S  v.. II   '     ~     Mill-  1a 

,,,  .,i!~  "1  til''  fi'lman    lair.l'    '  '  In' t   -  1 
I  ijv.  the   batt.-ry        l-'    '       •  '1 

,t.,.lir,l  t"  thr  l.a.l-  inalk.,1  -|-  aiui  — 
li.  iiiatini,'  .nrnnt  j.i-f,  tl>|.'iii;!i  an 
„,.„,.  i.,i   t.a.  tatirr,  aiul  ll."  lr.,,_-t.ii  1:1' 

 ,n  ,  ,,1  till'  U'  tifu  i  i-  h.  at.4  l>\  J  V'-  i' 

,       tr.>m  th.-  cniJ.    TI..-  -'V.  rall  .lini.  ii-i.  ,,. 

,    ,1„  an    5;   iii.hr-    l.V  ''1  uulii- 

1,^    Si    inrh.--    hit;h.  ami  ili-' 
uviulw  s  Ih.    It  will  ihart;.'  thr.-f  .•.11-  s\\\\\ 

,  ,  .ui.ut  -  I  -  ainj>fr.'>. 

riu-  ..t!ui  -taii.lard  -i/.'  i>  tli.'  '.-amp.T.' 
-,.v     n'.-..u.  r.  win.  !,  '■  lU  char«..  tip  t,.      -  .  IK  wul,      ,u  I  t-  -•"j-'-- 

'nclu'..    The  .  ttici.  iu-y  wlu-n  charfiin^  th.rtv  olN     75  per  «mt. 

in       I  I  1  1  TKoLYllt'  KrA  lIHl  K> 

The  principU.  -t  th.      a.  •  xpbi.U'.l  in  V-h  I       •  fJ^K  is  tltat 

,n-  cunviit  .  PI  pa-s  n  i.hlv  from  th.-  h.pml  t..  th.'  tm  tal.  but  m-t  lum 
:  o   lu-  li.p.ia,  ..w,nu      th..  ...Miiati,.,..  ..l,.tn.-du.nmally  nt  th.' 

h  t^c  t  "A  film  ot  ..M.l-  .4  !a.h  „  .Maiu  .'.  Mi.  h  an  alummnnn  eU'. - 
n  thLwe,  in  practu-..,  .,nlv  a.-t  a.  a  katho.l.^    U  n,.  ,.  a,.,  l. 
,  ,  „,  ,,u  alkal.n-  vuhaim  trr  In-  >..m.'  m-h  u  , .'..t  ..a  ta!  4,. 

:  na  an  alt.  n.atin.  L     l>c  .  t  up  h.t^v..-u  tlu-  ^ -tr-KU-.  un^  ^ 
h,at-wavvs  in  one  dir.-.-ti..n  can  pass,  ami  thf  opiv-Mtc  half-«av.. 

^?'r";.i..ncal  ...t...n  th.-  tirat.  arran.-nu-nt  hv  .hi...  -^b 
v.,ltan.t.    ,an  U  ^'XX^  'Z:'-^ 

^"'^  w^^..'n;;:-tr         t..  N..a..n .... ...... 

r;;:rh^a;s;;:;r;i;:;;r^ 
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and  iiltim;itf  failure  of 
the  valve  ;  (ii.)  the  neces- 
sity for  using  four  cells  ; 
and  (iii.)  the  low  efti- 
ciency. 

in  mddirii  tvpes  of 
electrolytic  rectifiers  the 
necessity  for  iisiiii,'  four 
cilK  hvcw  overcome 

by  adopting  tlie  same 
general  system  of  electrical 
connections  as  is  j,i 
tlie  nurcury-arc  and  hot- 
katliodc  rectiliers. 

Thelsenthal  Grid  Rec- 
tifier.—  One  of  tlie  iii(»t 
recent  types  of  electrolytic 
rectifier  is  that  iiianufac- 


Fig.  i.i./.-EWtnrfyiic  Rtctititr  »nJ  Swiich  !■;.:,<; 


Fie  The  Kuliadi  Eknwat  ia  the  Grid  Rcctiiier. 

tilled  by  Messrs.  Isenthal  and  Co.,  of  London,  who 
about  1900  were  the  mak.  is  ,,f  tlie  Xodon  vahr 
ilhistrated  in  the  historu.d  -r.-timi  (sci-  lig.  549, 
\"1  I  ).    The  electrolytic  a])])  iiatii>  i>  contained  in 
a  single  steel  tank,  and  the  katiiode  element  now 
takes  the  form  shown  in  Fig.  1.12(1.    The  basis  of 
I  he  element     an  ahmiiiiiuni  md  of  W  shape,  wliich 
is  connected  to  terminal  blocks  on  the 
outside  of  the  containing  tank,  and 
(ki-  its  exticiiiitii's       .♦(ftcd  at  th. 
upprr    k  vel     of    the    .  iectloh  tc  by 

i  honiir  s]<  (  \  (-  w  hic  h  prevent  corro- 
-ion  as  the  level  of  the  lii]nid  ri-c, 
and  falls.  Six  rod-  shown 
arranged,  three  in  pai.dl.l,  in  two 
groups  between  ti  iniinal  i)locks  a,  b,  c 
and  n,  the  two  groups  forming  two 
'-rt-  katliodfs. 

lliese  kathodes  are  immersed  in 
an  alkaline  solution,  such  as  car- 
benatr  of  soda,  contained  in  the 
solid  *eamle5s  steel  tank  (seen  in 


The  IsF.f,'THA:  fiLecTHon  nc  Recti!:f.r 


juJLmxuYJUuuuuLyJ-' 


Load 


s      li.i,   „-t     1.  thr  an.i.lr.     Int.  m  il  vi'*'*'""*  prou-«-tinR 
I-i-.  1.127).  wlHch  -^'t-       y>'  ,      ,  j,„j,„i  to  ..ftVr  nu 

::::s;^:=r"';-rp,«^;r   - 

Iw  (  Miim-ctcd  to  the  tcr-^ 
mm,.!-  A  B.  which  are" 
yl.Kiil  at  thr  knviT  i>art 
ot  the  board  (Fig-  M-j). 
and  are  electrically  bet  wet  n 
the  middle  V'int  of  the 
transfoiiner  coil  and  the 
anode  tank.    For  startinf; 

purposes,  to  prevent  a  sud- 
den rush  of  current  during 

the  brief  period  nece-ar\- 

for  the  aluminium  surfaces 

of  the  kathode  to  settle 

(luwn  into  proper  workint; 

tunditiou:-,  a  carbon  plow 

lamp  L  in  parallel  will-  a 

ic-i-tanee  is  inserted  in  this 

cir.-\nt  on  one  of  thekath<'de 
bnt  i-   Hit    out  bv 

the  short-circuiting  ^wiieh  s 

when  the  steady  statje  ha- 
l„,.n  rearhrd.  Thi-  i-  in- 
(hcate(l  by  the  dinnnnif;  of 

the  lamp,  which   at   f.i  -t  ,  j 

„l„ws  biiehtlv.    The  other  fitment,  on  the  boa, d  ate  llu   r-.  ■  ma  > 
M^ni  the  n.r.  fuse  r.  which  are  in  the  prtmary  c.rcud  ol  th. 

xiJ^inciple     -rkin.  wdl  b.  und..,.....!  from  th  p;;..- 
dons  of  other  rectifiers,  and  bv  noting  that  cnnvnt  ,  ,n  .  nK  P 
,     i-,t,„..l,.         kk  (I'i-^  I         and  not  m  the  oppo.it.' diK.t.on.  1.." 

of  Ufiv.'     ^.ppl.ed  bv  the  P.P.  of  one  half  of  the  tran-forn... 
one  set  ot  halt  \\a\..       ^'i  i  ^  ninent  1-  pul- 

the  supi)ly  current,  but  the  amphtude  cf  th.  tluctuaii 
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r«in;      ^''V'"''"^^^'-  -^'Hl  will  be  much  diminished  b^ 

a  \\iIl-clK)s..ri  inductaiico  in  tho  Ina.l  arcuit 

A  m,„v  a.,npI,.to  nu.f.t  f.„-  d,ali„,,  ,vith  more  numerous  condition^ 
I  a.l     p^o^•,.k.,l  on  the  panel  shown  in  V^^.  r.r.o.  in  ul.i, !,.  i„  ad.ht.., 

p.  u  th  It.  >tn.l>  o,„u...t,,l  t„  ,l,lf,  ,vMt  t,,p,„n,.  ,,„  ,1,.  coil  of  the 

There  is  also  a  rheostat  R  for  adju>t 
ill!,-  till'  I  iKTi  iit  ill  the  h)a(l  rirciiil, 
.111(1  a  voh'  H  ter  and  ammeter  are 
l'i"vi(led.    The  ammeter  is  in  the 

'■in  iiit.  fhr  \-,,ltni,'trI,  l.\ 

iiiciiH  1. 1  ,1  vi'ltm,t,r  suiteli,  i> 
''Miiurt((l  to  iiua-ure  the  voltage 
-upplied  to  the  load. 

Tho  maximum  current  availahh 

'lei),  n(l->  upon  thr  -V/.r  ,.f  thr  cltr- 

in 'lytic  element.  Three  standard 
sizes  are  ma«]e  of  3,  10,  ;,nd  ^o 
ampciT-;  rc^p,rtiv,  1\-,  th,.  weitjht- 
<il  wliicli  \ai\  liuiii  109  to  150  II). 

the  Mil, (Hot  size,  from  200  to 
-5''  11>.  fur  the  lo-ampere  size,  and 
tP'in  _;o()  tu    j^o  111.  fur  the  jo- 
.iiiipnv  ^i/,..    Tin.  eliaracteri>tics  ot 
the  lo-anipere  size  lor  different  volt- 
ages are  given  in  Fig.  1.130.  The 
(iiaractc  ii>ti<-,    a-    iiii,t;lit    ho    ,  x- 
I)eeted,  is  .1  (!ro,,j.ing  one,  especially 
for  high  voltages,   when  the  full 
voltage  of  the  transformer  i>  being 
used.    For  low  \-..ltages  it  becomes 
f.iirly  >tea(ly  above  jo  jier  cent,  of 
full  load.    Some  of  the  cur\ts  show 
over-loads,  curve  a  t;oiii^  a>  far  as 
50  per  cent,  over-load,  but  such  overload^  iniwt  n. vr..aidv  lea.l  to  L'reatlv 
mcn-ased  heat.ng,  and  probably  to  a  much  luo.e  rapid  deterioration  of  the 
katlM.dc.      !,,.  ,1,  ,„„  liow.  ver,  is  such  that  new  kathode  elements,  which 
are  supplied  by  the  manufacturers  ready  for  use.  can  be  .  asilv  in.tall.  d 
Owmg  to  evaporation,  the  electrolyte  must  be  repKni.lud  with  distilled 

lower  ends  of  the  ebonite  protectors.  The  efiiciencv  of  ,1,,.  n  efiher  includ- 
mg  the  losses  on  the  auto-transformer,  is  from  55  to  Co  j.er  cent.,  which  at 
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chai'ti;r  xr 

Tin:  TRA.\S.\nsSlOS  AXD  DISTRIBUnoX  OF  FLI(  TRIC 

F.XF.RGY 

There  is,  speaking  generally,  no  hard  and  fast  dividing  line  between 
the  use  of  the  terms  "  t,-a,ismissi,>n  -  an.l  J:\lnhi(tion  -  of  energv  l.v 
electrical  methods.  In  practice,  how.Aer.  tliere  are  two  classes  of  pruh"- 
l.  nis  which  call  for  somewhat  lUfferent  treatment.  There  is  the  case 
where  energy  has  to  lie  distributed  to  a  more  or  les,  nnmrrous  b,„h-  ,,f 
consumers  in  a  restricted  area  from  a  prsition  in  or  n.  ar  the  urea  wliere 
there  IS  either  a  i,'ener,itini;  or  a  -uli-st.ition.  To  tliis  case  it  is  convenient 
to  apply  the  term  "  distribution."  W  hen,  however,  the  distributing  point 
IS  a  sub-station,  the  energy  has  to  be  conveved  to  that  sub-station  from 
a  generating  stati.in,  a  longer  or  shorter  distaiuv  awav,  and  to  such  cases 
the  term  ■■  transmission  "  might  well  be  contined.  .\n  overlap  occurs 
w^erc  feed.  rs  are  used  in  a  distributing  s\-stem.  such  feedc  i  being  in 
effect,  subsidiary  transmitters.  Their  use  allows  the  boundaries  of  the  di- 
tnbution  area  to  be  extended. 

In  a  l)rief  ch.ipt,  r  in  \  ol.  I.  ((  luip,. ,  W.)  the  fundamental  principles 
miderl^  ins  tlie  economical  transmission  ot  el.  ctric  iwwer  over  long  distances 
have  been  explained,  and  the  various  systems  a\  ailable  have  been  descrilx-d 
the  technical  details  hriuii  po>tpoiie,l  tor  this  Mvtion.    It  has  Ixvn  there 
shown  ih.it  tlu-  Indi.r  the  voltage  used  in  the  transmission  lines,  the 
r  th,-  ,!,,,n,.i!  ,  itin,  ncy  of  transmission,  and  we  have  now  to  deal 
wall  the  con-ideration>  which  limit   a.  .,n  .u-mrryiu^  luopr.^it inn  the 
voltage  available  in  various  cas,  s  of  tr.inHin^Mon.  and  the  appliances  and 
•il>l;"        deM  rd  t,,  niret  til.-  piactic.d  iMnl.lems  which  arise.  The 
v.irious  types  oi  tr.iii- !•  >ini<T>  availabh'' for  rai-ini:  and  lowering  th.-  volt- 
age as  necessitv  aris.s  wore  schednl,.!  in  the  chapter  citr.l,  and  in  the 
preceding  ehapi,  r^  ,.|         voinn,-  „,   h.,ve  .h  scrilxd  in  full  detail  such 
ot  these  tr..n.tonii,  r>       ar..  u-.d  in  modern  work.    Their  peculiarities 
and  Iniiit  ition-  niu>t  be  borne  in  mind. 

Methods  and  Systems.  It  «ill  r,.„v,ni,  nt  at  this  .t,,u'.-  to  draw 
a  distinction  betw.,-,,  xh-  -  nuthod  '  of  traiismissioa  or  distribution  and 
tlie  el.-ctri,  al  ■  system  "  a.lopted.  Thus  the  electrical  svstem  mav  utilise 
either  alteinatins;  or  continv.nus  currents  -  r  1--  t!i  -w^l  it:  lia  r  ;  .  .  ;  ;i  , 
former  the  currents  ma;,  Ik-  monophase  ..r  polyphase  "wit  I'l  two,  three, 

ttoo 


Matesiau  rOK  C.'.v/  tvr.'.v.v 
,  more  phases.    In  •!«  ~,„..-  «,  .h.M  .l.al  Im.  fly  .llh  the  nl.aive 

u™   vreinted.    But  whate>-er     .y-  m  -  l-'  ."H'""!. 
'  t     rrre,,*,.,!  l.et.-ee„  the  pUee  tvhete  the  aec,„c.,l  , 

■i',,,""."::';,:^  ."7a:ht^;rr.i.ot  h„„. ,,,,,i,,y,vethea.| 

.vhen  taking      ^J^^^^l^^^e.-BX  for  tr.n.n.M„n  .,ul  distribu- 

underground  m  '^ondu     or  <^  enu^^^^^^  .^^  ^^^^.^.^^^     ^^^^  p^^. 

quite  numerous  exceptions  dqunmng  on  u  i 

t.rulir  case     Again,  speaking  quite  generally,  it  ma>  1;.  ^.  i.l 

heat"  cirauts  are  the  cheaper  and  underground  circuits  the  more  ...th . 

I_  rHK  CONDUCTOR 

ii..mlnlum— t)t  the  various  metals  whose  specific  rcsist- 
Coppert-  Alumin  um,  ot  tie  two-c..,n.or  and 

r  ini  "  c^    -.  ;J;^'SSh;i 'physical  prop^ties  and 

aluminium— arc  irnm  a  .  ,„„.titnr<i  as  conductors  for  the  electric 
cost  of  production,  serious  '^'^^"^ J"^-'^^,,,,,  contlurtor  than 
transmission  of  power.   Silver,  which  i  a  ^''^  '"^ 

i-iilifl  nut  on  account  oi   its  cosi. 
coppn.  i>  rul  cl  out    n  .  copper  or  aluminium,  has 

considerably  cheaper  and  str-n^.r  than  eitner  p 
unfortunately  a  high  resistintv^an.  .^^^^^^^^^^^  ^^^^^  ^.^^  .f^ 

high  inductive  jmpeda^e  "/^^^  ^ „^  ^^v  develop, 
however,  now  being  used  for  special  worK,  aim 
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rapi.llv.    Almninuun.  I,,  ,  au>..  .,f  the  luoliil.itivo  .„  t  .,1  production,  was  no' 
sen<.u.ly  m  X\w  running  until  towards  tlicfn.lol  the  last  centurv  vvluii 
already  montionod  in  Vol   I.  (.w  pape  271).  its  price  was  reduc.-.i  t,..in'  r 
avcraRC  of  jus.  jn-r  Ih.,  at  which  it  st,„„i  h.^tw.  ,  n  \su2.  and  i,s,ss  to 
than  rs.  (.<!.  p.  r  Ih.,  and  , luring  thi-  ,  ,„t,„v  nude  aluminium  in  quaiititv 
has  heen  .junt,  ,1  ,,t  i,-..  than  /  in,,  [x,-  t,,n.  „r,  >ay.  lo^d.  jier  lb 

A  releren.v  to  the  table  cited  shows,  h,,^^..^.,,  that  aluminium  h.i. 
a  much  higher  specitic  resistance  than  cpp, ,  ,,,l„,ut  i  -  times),  Imt  thi. 
disa,  vant.,,..  h  r,,!,,-.,,!  „,  a  m  extent  l,y  Us  lower  density,  which 
-  only  ai.,,ut  •,,  p,,-  cent.  „1  that  of  copper.  Specihc  resistanc".  it  will 
l>e  rem.  nilKn  .l,  only  takes  account  of  the  dimensions  of  the  material 
rakinf?  the  deuMty,  however,  int,.  a,,-.innt,  w  lin,l  th.it  .,f  tw.  witv,  ol 
equal  h-n;,'th  and  weiijht  th,-  reM,t,,n, v  .,t  the  aluminium  wire  will  be  0-51 
ofth,  ieM-t,,n,  ,  ,,nlu  cupper  win-.  Tlu- disadvantage  is  that  the  aluminium 
wnre  will  be  thicker.  The  physical  constants  of  the  two  metals  may  be 
tabulated  as  follows  : —  ^ 

Ta1!LR  XIV.  -Pl!OrERTIES  OF  Col  lER  A.M.  .VlCMIMCM  CoMl-AREP. 


I)..,     ,1,,.  .;; 

Specihi'  i;r;n 
]>■•. 

\Vcii;l,i^  .,:  ■■.ju.il  l.  iiyth  ri'>!si,iru',.' 
CoLMiirK  iii  ni  liiu  ir  e\p.inM'i,»  'C. ) 
Tticniial  c  iiiiiuciivity,.. 

S|H'ii(i,-  I11.M:  ... 

.M,„Uilus  1)1' elasticity        per  .mju.uc  inch, 
Teiisilf  stteiiglh 
Atiiinic  VVfiijht 


soft 
li.ir.l 
soft 
!i,tr,l 


Cijppisr. 


1  V.I 
1  1.47 
S-7S 
,S  .,  5 
I  o 

•01300167 
I  o 

10  X  10" 
40/00,000 
63  2 


•Muminiuni. 


JO,.:; 

•2 '.=;'> 
-■71 
0-51 

■00002 34 

o'4.;.i 

,|  •  to" 
:o  3o,oco 


\,\h,l,l,Tu.l 


'-1  .> 
0714 

o  443 

IS 

2-0 


The  above  are  the  ,iut>tanding  facts  regarding,'  the  two  m.  tal<  •  their 
influence  on  practical  problems  will  be  dealt  with  as  the_-,e  ari>r 

In  Anuri.,i.  in  .,rder  to  stren.gtlien  an  overhead  aluminium  c,indu,-tor 
to  enable  long  sp  uis  to  be  used,  a  steel  core  is  inserted.  Examples  will 
be  given  later,  but  the  practice  does  not  find  favour  in  this  countrj 

Form  of  the  Cross-section.  -The  two  facturs  which  alfect  the  resist- 
ance of  a  conductor  are  the  length  and  the  area  of  the  cross-section.  In 
traiiMmssiun  proi,lems  the  length  required  is  practicallv  fixed  by  the 
distance  between  the  extreme  points  and  the  route  av.iilahle  The  arei 
of  the  cross-section  will  be  decided  bv  considerations  purth'  dealt  with 
above,  but  the  gc.nu  ti ic.tl  -luip.-  of  the  cro.s-section  must  be  determined 
by  the  circumstance^  oi  the  particular  problem. 

for  continuous-current  transmission  the  form  of  tlie  cross-section 


i  1  i' 
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not  affiTt  thr  r,  M-t,ui(v  ;  I'Ut  in  alt.  riKitin^  .  uiiviit  \\«rk.  a>  -li-wn 
a^i'wherc.  it  niav  b.omu-  unp..itant.  .~i"'i  'llv  "  I'i^''  P-n-lKiti-.  U- 
,  uJ-^e  of  the  "  skin  "  ffttxt.  For  many  i.-u  -,.  -  - ■  n.  ul.n  - .  tmn  M.iti  .  -. 
'n.l  i.  ,,,t.v.ni.nt  to  nianufactim-  an.l  to  han.ll.-.  Mi.li  a  >. .  no,,  has 
•ho  ~niall.-l  1..  I11.IU  I  V  for  tlu-  arfa  rnrloM  d  (s,v  v«^'*'  -  i'- 
i,..-.t  roMstan.v  U>  ti,-  Nvm.l  i).  nvrd,..ul  w.-k,  n.l  ^.v-  tiu'  Mu.dU->t 
-urfacc  to  1.1'  covmd  with  ni-ulatni^  in  ,t.  n,,l  in  un.l.  i  ■  .un.l  work.  It  i^, 
tluToforo,  in  practire  almost  univisallv   ■.V  yU-A  h.  tran-nn-ion  Uv.y. 

for  thr  niorr  .onipU  x  .li-trihution  ,.rol.Kia-  ot  A.c.  tranMrn^Mun  otluT 
lornis  of  cro~>-MVlion~  .n\-  -oin-  tiinr-  j.. ,  t.T.iM.'. 

Stranded  Conductors.-  Ih-  n.v.^.,:N        Mrt.on  .1  th.  n,.t,iui. 

,r,  nlirr.r  otlimvi^f,  is  olitaim^d  witli  a  nuiunmm  of  -pa.  .•  l.v  r-llni- 
,1.  ,wniL'  all  in  one  piiro.  Bnt  in  .lealinff  with  lauv  .inantiti.  s  oi  ,  „  .  m. 
;:;,vcr  tl...  vquma  cn.-.-^.vtion  nuv  W  -  l,r..  .  a  -lu.uv  nvh  that 
Ih.  conductor  M.  produced  will  be  mi.l  an.l  devowl  ,.,  .l.  x.l.i.tv  It  will, 
th.r.'foro  be  difficult  to  handle,  erect,  or  lav,  fo  nu,i  tln^  -Irawhuk. 
,,,n.ni.«,.i--  of  e\.n  i  moderate  cross-section  ..re  str.uuh-il.  tliat  is  the  >on- 
au,,.,r  consists  ot  number  of  separate  wi,.^  l.dd  to^^ether  and  nukm;^ 
„p  iK'twoen  them  the  required  cross-secti...  of  ,n.,i  ,..1.  lllu-t>,,i...n,  o. 
m'.  I.  stranded  eo.idiu  tors  are  ^iven  in  tlie  lollowm«  p..:^es  ;  the  des  u  ■ 
:  nsuns  the  nec.s-:uv  H.-Nibilitv,  and  on  that  account  aluno  secures  that 
the  total  cost  .,1  thr  c.nplrt.d  ciivmt  i-  n-chiced. 

\n  electrical  disadvanta^o  is  that  tlie  ,.  s,sla„c.      .-mr,-.,.,/.     t  is  obvi- 
ous that  the  best  method  of  making  the  various  -tr.mds  1,,.  well  toi,vth.  r 
.ad  occupv     minnnum   .f  space  is  to  twist  them  round  one  another  as  is 
done  in  so  manv  other  Mnul.ir  industrial  cases,  e.,'.  the  nianuf  .ctt.re  of 
cotton  thread.    Stich  tomiMund  con.hictors  arc  hmmIK-  kn.  un  as 
and  the  len^,'lh  of     complete  twist  is  referred  to  as  the  "  u,y     ol  the  cable  , 
„KU-  be  anvtlun^  from  b  inches  upwards.    Now.  when  an  electncal 
current  enters  such  a  condu.  tor  h  d.vid.^   U  it  be  a  continuoits  curren  . 
probablv  iu  equal  parts,  am.n.gst  the  simiLir  s„ands  of  the  nm-luctor, 
and  althoufih  the  conductors  are  touching  ai  d  .ue  not  purpo,,  Iv  ms,.- 
lated  Horn  on.'  anotlur.  each  s.parat.-  .  urrent.  for  all  practical  l.urpo^e>. 
remains  in  its  own  stran.l  lhioui;h..ut  th.^  length  of  t  u-  cab.e.  This 
is  because  (i.)  the  conductors,  if  circul  .i  .  .mU  t..u,  h  al..n.'  Inu  s,  an- 
in)   the  Muface   resistance,  owing  to  the  l,.rmati..u       thn.   layers  o 
oxides  and  dirt,  is  greater  between  the  strands  than  ,s  ,h.;  resistance  o 
the  continuous  solid  metal  in  th.  int.n..r  ,.1  -...h  ~tr,,r,.l.     llw  net  i. t 
is  that  e;u  l>  current,  in  general,  pur.stu  s  a  sp.r.d  path      giv.iter  1,  ni;  h 
than  the  length  of  the  cable  as  a  whole,  and  this  effective  '  ''^  tb.^ 

length  of  the  path  corr.-p-.p..Unulv  iiu  reases  the  resistance.    Fhe  amoun 
of  increase  depends  upon  the  -  lay  •  a<l  Tt.  'l  mufort^Mtv  and 

convenier»ce  the  rule  laid  down  by  the  F.ngineenng  >tandards  Com- 
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mittec       tli  it   tlir  -taiul.ird  l.iy  ^IKlll  be  siicli  a<  -li.ill  involve  "  .i:^ 
incrra-c  "t  j  ]n  r  ci-nt.  in  i  .n  ii  wiri-  f.\ci.pt  the  centre  wire  for  tli 
total  1(  imili  "l  tlie  cable.  "    The  re>i>tance  and  the  weight  of  Standard 
stranded  ciiductors  are,  therefore,  2  per  co'i.  greater  than  onstrandeu 
c<inductor<  f>f  the  same  crnss-section  and  Icnf^th. 

I  hf  lutmhcr  cf  %trands  in  anv  givi  ii  ca>r  (k  ju  nds  upon  the  cid>-;-sec- 
tion  and  the  degree  of  flexibihty  required.  A  number,  however,  is  alwayr 
selected  in  modern  prartice  which  will  give  to  the  stranded  conductor  an 
oiitrr  contour  as  smiM)tli  as  possible.  To  satisfy  this  condition  the  stan- 
(laul  numbers  of  sep.irate  wires  are  I,  ~,  19,  37,  qi,  12J.  It  wdl  be 
noticed  that  these  numbers  form  a  series  in  which  the  difference  between 
successive  terms  increases  by  six.  A  127-strand  conductor  is  the  most 
subdivided  one  scheduled  by  the  Engineering  Standards  Committee,  and 
It  iiiav  intrn  -t  the  leadi  r  to  K  arn  that  when  formed  of  copjK'r  wire  o  loi 
incii  in  diameter  the  weight  i>er  mile  of  the  conductor  alone  is  21,120  lb., 
or  nearly  qJ  tons.  Very  small  strands  of  three  or  four  wires  are  some- 
times used. 

It  nia\-  be  convenient  to  add  here  that  the  rules  of  the  Engineering 
Standard-  Committee  allow  a  variation  of  2  per  cent,  from  the  adopted 
standard  of  resistance  in  all  conductors.  Rubber  insulated  copper  con- 
ductors should  be  tinned,  for  reasons  given  subsequently ;  i  per  cent, 
increase  of  resistance  is  allowed  for  such  wires  for  diameters  between  O'llS 
inch  and  0  028  inch  inclusive,  i.e.  Nos.  11  to  22  s.w.G. 

We  pass  now  ^to  the  description  of  and  the  problems  connected 
with  varit)us  practical  methods  of  transmission,  and  shall  take  the 
"  (jverliead  "  methods  first. 

II.— OVERHEAD  LINES 

For  long  distances  and  high-voltage  transmission  work  the  running  of  the 
Conductor-  overliead,  suital)ly  insulated  on  suitabk-  >U])ports,  practically 
holds  the  lield  Irom  the  point  of  view  of  capital  cost,  though  occasionally 
short  lengths  of  underground  cable  may  have  to  be  introduced  into  the 
line  owinji  to  special  conditions.  In  short-distance  distribution  systems, 
though  itndrri;round  work  is  more  common,  overhead  work  sometimes 
offers  a  'il  practic.d  vx  even  the  best  solution,  as,  ft>r  instance,  in  elec- 
tric traction  and  in  certain  special  cases,  one  or  two  of  which  are  referred 
to  below. 

The  principles  and  details  of  con-truction  of  overhead  lines  not  deal- 
ing with  large  quantities  of  electric  power  are  most  conveniently  dealt 
with  in  connection  with  the  subject  of  telegraphy  and  telephony  {see 
re!i  \' int  i  liapters),  and  overhead  circuits  for  electric  tract'on  work  are 
best  considered  in  connection  with  that  work  {sec  pages  IJ83  to  1424).  In 
addition,  electric  transmission  at  moderately  high  voltages  is  also  most 


•  iv.  nicntlv  con-i.l.  n  .l  .i-  h  .u\uy^  ny.  U<  Uiui^nu-um  at  %vry  lii^h  v-lt- 
„...s  wliich  IS  sultu  untlv  nni...i  t..nt  W  <  lain.  ,i  ^.  ,..,T.iti-  section  (s,v  pa(;»-. 
,KSton4i).    Thf  cl.-s€rii.ti..ns  ...  .!..^  -..,„.;.        ,i„  ,.  to,,-  . to 
t,.vv  sm-cial  cases  not  coming  un.Ur  aiiv  .a  i!.-  .ibov.  l..-.,.ln.u- 
Overhead  transmission  is  otten  the  .mlv  k.ivl      transm.sM.M,  uhuh  .s 
.u.merciallv  l-^-'l'l-  •  v f-r  ro,n,.a,,.t.v,  K  -i..  ,,  ,lw.,,„.es  an-l  ...u.l.  rate 
oltages.  such  a>  tin  -..pi.ly...K     .  L  ' (...n- 1  t„..n  a  ,  onv..n..  ..tlv  ,.l..,v.l 
merating  station 
,1  firo.i])  of  l  ul- 
i.ries,    none  ot 
nliich    is  more 
li,m  a  few  mil'  - 
.•.-taiit.    Ill  addi- 
•  1  11  til  ii  luati-rial 
.ivinj;  in  the  tost 
I  .  (instruction,  it 

,,tt.ll  ra-irr  I" 

.litam   tlif  wa\ 
h  aves  for  an  ov<  r- 
irail    liiK'  tli-i" 
i,,i  u.idri-u:iiiim<l 

,,  n  <1 11'  1  "I  -  >" 
tn-.Khe>.altli')Ui,'li 
the  latter.  l>einf,' 
,,in  ..t  si;;h!,  <1" 
not  interfile  with 
the  amenities  ol 
thr  (■iU..)tl  \ --idi'. 

•^e.Hia! 
eXanipU'S  ol  Sll<  'a 

transmission  will 
-nthce  hell'.  Ill 
Im.  i.i;,!  iliii'- 
1.  >huwn  a  l^^'  - 

wire  line  for  trans-  , 
iiUttinK    power   t,o,n    th.-    l<ockm;;ha...  ..a^w.k-  i">we,  l.m-    to  the 
Tanke;;iA-  l>a.k  Colli  rv.    The  circuit   ,^   h.r  cont.nuo...  ; 
6oo  volts;  and  the  hue.  o.n>i.tm«  U  '  '  ^"'''I  ^ 

,„pported  on  a  crossbar  at  ti.e  top  ol  two  pa.a  1,1  u.-d,  .i  p.  • e 
po  s  in  the  foreground  are  a  ter.ninal  set  wher.  i  .  , 
I  ,,terrupted  or  ten„ma,.  .l  a„d  ti,.-.  poh  >  a,.  "--^'-  .~  -  ^> 
strutted  Ld  .taved.  Ihe  con.lruct.....  at  the  ..tiu,  ,H.le-  ^  f'^ 
The  conductors  are  of  aluminiu.n  i-4  -P'are  mclus  m  sectum.  and 
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till'  iiMxiiinim    I'l.ul    i-    .ilmnt    jmi    ,mi]nr(^,    ti.iii>iiiitiiiii,'    .ibniit  4. 

kllilW.itt-.       I  111'    l  '>-l    I'l  l     lllllr    U.i-    .ihiillt    /  I.^Ol),      It    llllllV.llt  llt  Cl'lili, 

inniliK  tms  li;i<l  Ixi  n  umiI  tlir  (  M-t    ,it   the  |iric('  of  ropp^T  prcvailn 
at   tlir  tiiiir  ut  tiLiticii,  would  luiw  btin  £i,8oo         mill-,  and  1. 
till!  liiu-  had  iKfii  cariiod  uiulrrpround  with  insulated  and  arniouni' 
alnniinium  ralilt*  the  cost  would  have  Urn  fi.2<M»  pi  1  inili 

liic  ■.  ctjud  cx.inipli 
(Fig.  1,1.52)  is  that  i>( 
a  thm  -i)lia-i'  IcMir-w  ir. 
lint"  cKctiMl  III 
l>v  till'  \\ ,11  ( »lli(-c  at 
Aldirsliot.  llif  pri'>- 
Niin*  was   5, 000  volt^ 

lictwcill     ])li,i>c^,  tin 

fnurtli  liiu'  lu'ing  tlif 
neutral  wire.  Here 
again  tlw  ti  rniiiial 
is  shown  HI  tlie  toll  - 
ground,  the  transmis- 
sion at  tins  point 
1  li.ingiiig  from  under- 
UKiuiid  iw  DM'iluad. 
The  untierground  cable 
passes  up  one  of  the 

\1n]r-^  tn  .1  trilllin.ll 
-imUmi^  -  I"  '\,     wlu  iii  !■ 

will-  jM-^  tliMingh 
kicking  coils  to  tlu' 
iiverhead  lines.  The 
ii.ylitiiini,'  .mi'^ti  i^  .m- 
also  shown,  l  lu'  ]>olt - 
•ire  of  the  A  tvjie, 
tlii  ic  ht  iiii^  two  I  iiiss- 
arni^.,  i  at  li  caii  x  ing 
two  wires.  The  lowi  r 
cradle  guard,  the  details 
This  guanl,  as  explained 
elsewhen  .  i-  I. u  tin  jiurpose  of  catching  and  earthing  any  broken  high- 
voltage  (inductor. 

The  above  «'.\amples  will  give  soine  idea  of  the  general  methods  adopted 
for  canyiiii;  hare  rondni  tors  for  electric  power  transnii-^iou  when  the 
\()ltages  ale  not  exies^ivel\  hi^h.  A  tew  of  tlio  detail>  lli.iy  now  bo 
more  fuilv  ile>cribed. 


cross-arm  is  considerably  lengthened  to  curry  a 
of  whicn  can  be  readily  made  out  in  the  ligure. 


F  I. 


II  ■ 
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Poles  and  Cross-Arms.  Im'--  ^^li'vl'  i'"-  ^v.  ii;h'  -t  ilif  t-u- 
,;Kt"i-  I-  li  't  t  -<.  Kti'.it  or  tlif  ^11,111-  t"""  l'>nu   tiiil  \vli<-if  til--  voltanv-i  nf 

,,  j„,,|,|~-h  I,      !•     m."l'  l.ltr,  tl,      -npli-It.    11-.. I  IU..I.'   ..|  lr.-;.li„.l\ 

pr.itti.  .  ;i  t.  1.  ijiapli  liiii^..u  win.  Ii,  \\U-  u\v  ,\  il\  I.m.L  .1  i'--  m.'v  !i  mi.  .i! 
onditiiin-  ar.  v<i\  -imilar.     I'lii-  pr.i.ti..   i-  \miIi  m  i 

-ulrtcqu.  ut  biiti'.n  "U  t>  l.  .iL;i.il>liv.  1"  \\li><!i  i.  t.  r.  n. i  ,in  hv  u\mI  Tii' 
iinilaritv  will  )<>■  <  \iiliiit  li..m  .m  iii>p<  <  tit.ii  >.!  tlir  p  i.  ,  -li..\vn  iii  I'l-. 
1,133.111  will,  li  iM.  pt  (ur  til.'  -111. ill  iiiiiiihi  i  ■  t  \m;'  .  iiiK  il,  til.  liii.  - 
,j,p.",ir  to  i  .  V.  i\  -imilar  t.  l.  ur.ipli  lin. l  li-  p..l.  111  lii''  Lm.  i^i.  ui'.l 
will.  Ii  1^  at  a  p.  iiil  whrif  tlifiv  1-  a  In  ml  in  lli.-  i.'iit«'.  i->  tu  .ivilv  st.i\.  .l 
whil-t  lart'.  r  ..ii  in  tin-  Mrai>;ht  .in-  uplin.ii  v  MinpL-  p  >1«  ■-. 
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Wli.  ic  the  .v.  :lK-a<l  linr  .ml-  '^<'>"l  t.  l.  i^i  ipli  pi.i.  tire  is  also  f.-llnwcd. 
as  is  shown  11.  l^K-  i.i34.       ^^'"'l'  tluv-piMs.-  .  v.ilir.i.l  lui.- 

ire  t.  iiniiut.d  en  >ub>tantial  H  p-l.-,  aii.l  the  tranMni>-ioii  traii-t.  ri.d 
to  nn.U  i^iuund  cal.Ks  which  ar,.  t.r..nt;ht  up  to  trifurcatint,'  h.  .uU 
-upiHHt.il  ..1.  u..-.inu-  1..1-W  tii.^  i.i-t  ,n.-ai,i.-  ul  tl„-  ■  .s ,  ,  Ii.m.I  l.n..>. 
Note  i-hould  !>.■  takin  uf  tla  ^t,iy>  vvliuh  ..nmt.  i.i.  t  tli.'  pull  ..t  th.  ..n.t- 
hcad  wins,  and  aho  "f  the  crcw<-,tavs  and  Mruts  1„  iw. ,  11  tl,.'  p.'l.  - 

Ihr  liMt.  ri.ll  -.1  lh.>  p..l.-  ..^i'l  .1..-  .11111-  111, IV  Mlll.T  Im-  w....d  '<v  -t.'  l, 

thechuio  a  paitu  ulai  l-  iiiy  .l.  t. nniiir.l  bv  Imaii.  ial  .  ..n-.idnMli..ii. 
of  the  wlu.ie  .-ost.  indndmi^  n-t  unlv  tlio  lir-t  .  n-i  l.ut  lii.-  upk. .  p  -.r  inain- 
tenana.  diam. -.  H  i.T  bed  n-.i^-.u-  tho  -pan^  n,.,-t  !»■  -lu-it.  ^av  n..t 
exceeding  So  or  <,o  vards,  wood,  11  i-uh-s  arc  usuallv  di.ap.r  l.oth  h>v  tir-t 
cost  and  niaintinance.    Wht  iir  hnxa  spans  can  W  u-.  d  ^t.  d  ik.U-.  utl.  r 


i 


no**  £/.AC/Kn  t.'V  /.V  rHK  AVa-  7i  '/ 

.1  luttir  -nliiii'ii  lAnpt  111  Mill 'ki -Lull  11  ,1!  ...IK  1  (li4tn<  i>.  wh'ti 
th<'  to^t  of  ii])ki  i  ])  in  i>.tiiitinp,  etc  ,  iK-conien  prohibitive  if  thf  pntw  an 
to  be  kept  from  ileteriuratuig  rapiillv. 

Where  the  mechanical  i-finflitioji*  are  to<i  exacting  <<-'r  '  iiiinary  tiK- 
L'l.ipli  ( ciwlriii  ticii  jii.ictiir  till-  iir-i),Mi  i  t  till-  >upport''  is  laiilalh  woikid 
I'lit  loi  till'  i).iiti(ular  casi'.  ])i't.ills  ul  some  thi*  Rf*hltion*  w'A  W  foiinil 
111  till-  next  se«tion  (mv  jwges  iii8  to  11411  ;.n  extra  high-v  itaijc  trail-- 
mission. 

IIhti-  ,irc  iii.iiu  ease>.  e-pi- i.illy  111  tlir  "iit-kirt?  ol  l.ir(,'c  1  iti' -  ,11  ; 

in  sparseh  inliahitivl  fii- 
tricts.  w}ierc  tin-  (o,t  of 
running  undertirn;  t|,l 

Aw  I  '■-  i>  not  \  \-\\\   '\  by 

tlif  lo.i.l  lo  l)e  ai>tr:^utc(i. 

and  where,  therefore  the 

.iltiriKitive     (.1  iMTliead 

■i-itiliiition   111.;',   wt-H  he 

'  >•!!-■  !•  reil    :iiiii    .id. .pti-d 

111  »ui  h  ea»es.  tlic  ijiu  «tiiin 

of    the    niaten  il  to 

U«id     I'.r    tlic  -iii>|MHt- 

m.iy  lifioin.    ,1  dctirniiii- 

uii;     faetor     lu.tli  from 

■   ^   \"•\\•^  Hi  \  irw  c^i   .1  ' 

;    I  .t.~thi  tii       It  iii,i\ 

111-     'ii<e'!<'il   It  oiif e  that 

.iiu  overheaii  ronstrnrtii" 

fur  strincitu'  wire-   a!  i 

-tn  rt>  an.l  1  1! 

iiiii'Litiifiit.il    (  k  luciil- 

iiii-iL'htline<s  whii'h  c  aiir.  " 

'     i  Hn  inated.  but  wit! 

'Ill    -elei  tioli  !  ■ 

lig.  1,114.— 'icim.nat  Pole-  for  Two  'I'hrce-pha^r  l,in««.  i         ,  , 

tlir  Miji}X)rts  tlic    iin-iL;hthiu'~s  inav  he  n.i';    A   to  a  niiiiiniiiir 
I \  i'n  a  mildly  orii.itm  ni.il  and  ph  a-iiiL;  <  llfi  t  :     \        pro.lnied.  ' 
polos,  wliich  at   one   time  would  lun<-  been   w  wr-aiiv    .iijopt.  1 
iKTomin/;  si  aive.  ami  in  many  i)laie.-  tlicii  (  i>st  1-  li'-'ii  and  in<  ti  ,> 
Moreover,  at  the  l>f>t.  and  when  loaded  with  win-^.  tin  v  an-  -<  ini-v  it 
nil^iulltb,'      Mil'  h    liit'i.!'    ,oi'    the    t'lii'  il    --'ill    V'lli      i  I !  ii~t  r.itril  1 
wliiie,  which  .iii-  iiuu  li  mole  i  legant,  and  aie  iiraetu  alu  ii'ai< -tni' ' v 
Even  they,  however,  may  in  certain  cases  be  toti  cii-tly  tn  W  sen 
considered. 


r. .,„■>,■/•■  /Wfs.  :i'  Tuativi-  I  1 
(it  l.tt'    i-.f  -  i-n  iiil"!      ■  "iV"  r.  !• 

;i  .  .■n.llli     .1-  -  at  a  1        1    :         .  .  .liili; 

1,  h  jMiU  -  mil  be  siven  .i  n«-at  tun  n 
,. I. Ml. I  IK  < .  it  only 
..    j,..U  -  tittiim- 

 ifflu'iU  '1' 

till'  II  I'lly 
,.ni.inunt.i!  nil 
I -HI-'      '"t  n- 
rrrtii    I'  ab 
1k'  .itt.iUH  1. 
(  1  ,n-\>\'  '.ill"!!* 

.1    ^JI.U  1'    «1<|    "  ' 
ili.W  \l- 

riU'  HI  '"'il '  " 
i.-irn  ami  m.r  ' 


it  SM..  '11 


th  -tUT*. 


II  Oil, 


■ '  a  . . 

11" 


iin 
1  I 
I 


till    I  I 

t^tiiiii  ■ 
.  iitN  ilill! 


til. 

I  .  til. 


Will  l>f  CVItlfllt 

111     lil  .1!  t  1.  I.-  Ill  t  111' 

il  I  n;;ini  i  I   t.>  tlif 
i|    tlx-   miltrtl.l!     I'  il    1   'li's  pn- 
iilt  pr.ihlftn-..     Ill  I  i«.  I  ■  '.5 
I, |„,1..  1,  ,h,)\vii  II   1"  ■ 
,,,         .,t,..  i.n,       1  h.'  (..Ill  li..s\ii 
,1 1  III  ttif  It  i^<'.  \vlii>  Il  1^ 
1„         \   in  till-  i^iiiutnl.  tli>  j'hiitli. 
vMii.  i     i'l..       .il...\-.'  tiir  -i..un.l  liiif, 
and  p.iU  u!  till-  .  iii.  t  "I  '11.-  i>.'l<- 

Till!  appi-arana-  of  tlir  t..p  <>t  tii.'  p"l-- 
■.%'^:.v  r.:oa        ,-aii  bi- R.itli.  r.  tl  li'-m  1''^'  i.ijf).  \\iii<  h 
a  lin,..  iii.uMiiL:  .'f  thf  tup  with  vaii'>us 
Htni.-nt-  11. 't  i.uK  l>'r  <l>''  p"\v.  i  lui.  . 
-    ,         .       („.(  .,1,,,  (or  tcU-plK'iu'  hiu-,  .111.1  till 
.  leitrit  liKiitiiiK  "<  t'x'  ^^tiv.-t. 
J.  Insulators.     H"'  m-ul.iti.i-  »>*-d 

for  inixU-iaU"  and  lu^li  v.ilt.ii^.-  ari- 
similar  to  the  stronf<-i    pait.rn-  di 
'  I    •  nhrd  and  lilu-traicd  in  tin-  tt  Ugraph 

l.ii   til.-  higli.  1  v-.ltat,'.-  -.nu-  of  tiK-  MiiipUr  forms 
i  .  \  r.-^A  i  -    .  ■■  ■  .  !iii'!---voltaf?i'  transmission  arc 

ul.diU',  and  may  !>»•  biu'tly  tvl.  rn  <1  to  here. 

•  Vol.  lAW.    imHI,  !).«'■  f't'- 
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EiixiKiciiy  IX  r/iK  Sf.ki  ice  o/-  Maa 


The  ni'i-t  (>l>\iMn-  hk  'IkmI  n|  im  p  the  effoctivc  in!.u;,itiuii  of  ai 

onlinary  pin  in-ui.iio.  i~  i..  ini  icax-  ii.-  >i/i>.  especially  in  the  direction  of  th, 

Icnpfli  of  the  surface  over  whicl- 
>urt;u"i'  li  ,ikiii;t'  occur?.  A>  pointi  i 
iiiit  clM  wlii  re,  il  IS  hot  tlic  direct 
leakage  through  tlic  material  which 
i-i  troublesome  in  ordiiiarv  ca><-<. 
I>nf  ttic  leakni,'''  from  the  liiK  wii. 

llic  hull  o\,  r  ill'  .lutcr  Mutacc. 
Ill  fact,  it  is  to  tiuar.'.  acaiiist  this 


V„lls. 


l"'  aimed  at  i>  !• 
imin>ulated  nu  t.d 


IliMil.iiL.r  !u 


/      _  ■'i^^^^K^^     -akago  that  the  nrdii).u\- form  was 

/  ''^^^^^^^^   ' ^  < ''d.  ^o      l< '  !>: ' '\  <  !'  ,t  ~Mll!<  ieiit 

y^^H|^A  .iiiiomit  of  pioi< '  t' d  ~<ir].i>  <  uiiich 
!  '^^^^^^1  ' remain 

^^^^^       ^^^tgmmmmagS^Kfll^^  dr}' iu  Wet  Weatlit  1  . 

.>n<\  altering  flu  ii  l,iti\  diinrii>ioiis 
.iddil i'in;il    pi i .t >  •  : >  '.    -  ;!  'a'  e  can 
I'^adily    be    ol)i,iii;.-,i.    II  being 
borne  in  mind  tliat  what    is  to 
111'  ii  .c   ihi  Ini-ih  of  tlir  pi..tt  i;ti  d  path  from  the 
.'■'11  to  tin-  niare~t  point  of  the-  exferior  exposed 
surface  of  the  insulator  wliirh  i-  in  contact  with  the  livt  wir  -. 

Heyoiid  allerin;,'  tiie 
al'soliite  and  relative 
liiuu  ii^ion-,  a  dincti(in  in 
which  tile  lenctii  just  rc- 
i.  ired  to  can  ln^  increased 
by  iniroihicini;  addi- 
tional Con  in,'atioii-~  into 
the  proi.cted  path,  and 
ill  following  out  this  idea 
the  "  double  -  sh-d  "  and 
"  triph'-shed  '■  iu-ul.itoi- 
for  telegraphic  work  dt - 
t-cribed  elsewhere  liave 
been  evolved.  An  t  \,ini])!i' 
c't  il  double-shed  insulator 
for  a  transmission  line  is 
given  in  Figs,  i.i  and 
1,138,  the  latter  boini- 
maiked  with  the  jnincipjl 
dimensions.  It  is  claimed 
that  this  insulator,  which 


Fii:.  1,13.-.— |iiincnsian>  ..>f  liQuble  ihcil  liu  1 
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-  inamil.u-tunil  l>v  thr  Oliio  Ui.i"  ('..inii.i 
line  voltage  t>l  ll.otx)  volt>,  lh«-  ti-i  \' 
(o.oiii)  volts.     In  thi^i  itiMilator.  aii'l  tli. 

-loiivi',  .mil  i-  In  1<1 
ta*t  bv  biiuliiiK  win-  m 

,tii|)  l\  iii^' 
M( ■\r.     .1-     I  xpLiini'fl 

wlirrt', 

Hie  idea  is  carrifl 
Mill  fartlior  in  tho  triph  - 

^lii'd  in-Ill. ilcM,  ol  wlii'  1' 
111  L'xaiiipli'  IS  ,i^i\i'ii  I'i 
I'iLjs.  1.130  anil   i  if 
•h'-  fonnrr  li<  iim  a<  !" 
:,iic,  iiaill>  .HI  oxtoiiKil 
,111(1  partly  a  s.vtional 
\  it  \v  Irom  a  photograph 
,if  an  actnal  insulator,  and  th'"  latter 
,  lii.n.    Till-  1"  U  of  tin-  in-ul.it"!  i-  v 
in  l-ii;.  I.ij7-  i't"t"t.-il  Ir.ik.m'' 


nv  Ml  M.iiiMirl.l,  Olii".  will  -t.md 
.ll.iyr  iliiiim;  iiianula.  tuie  beiiif,' 
dtvel<.p<d  from  it.  the  line 


-in  lai  I-        bi  1 


-  4%' 
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a  dimi-n-ion-d  sketch  partlv  ni 
IV  lilth  l.irper  tlian  that  shown 
increased.    It  is 
mil  lull  •!  to  woi  k 
*    Aith  a  line  volt- 
I    .ip'  up  to  I  vooo 
volK.     Aw\  is 
Ic-tiil  to  c,ii.ooo 
I  volt-. 

Sag  of  the 
Wires.  The 

■  -,1;;  "  or  "dip" 
to  be  allowdi  Ml 
'    tiRhteninK  up  a 
wire  stretched 
lictween  twosup- 
'    p(>rts  111  tin;  same 
*- horizontal  plane 
is    a  ])rartioal 
<|iiestiiili  which 
was  exh.lu^.l^vely 
studied  '•^  con- 
iiectioii  with  the 
( r.  ction  I'f  tcle- 
tjraph  Hfi"*  years 


\S:x . 
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befurc  u\  ci  head  ti  an^iinssioii  uf  electric  power  l)ecame  an  engineering  subje.  t 
The  underlyinf;  principles  are  dealt  with  in  the  section  on  telegraph  lit., 
construction,  and  are  th  -  -.itnr  iii  tii.-         r  tr.m-.nii-.-i..ii  case. 

Without  undue  repetition,  u  may  he  nuiitioned  that  the  lorinula  U!,e(! 
for  the  calculation  of  the  sag  or  dip  (d)  when  the  tension  (t)  is  known  is— 

=  rr  

where         the  w<i;,'iit  per  unit  lenRfh  ..f  the  mndnctor  and  /  i>  the  hoii 
zoiif.il  ili-t.iiice  apart  of  the  sup|>ort>.     I  he  units  of  length  and  force  UM.ii 
must  l)e  the  sune  throughout.    For  instance,  if  the  length  he  in  feet  and 
the  force  in  lljs.-weight,  then  d  is  the  sag  measured  in  f,  ,  t  lor  a  given 
tension  T  in  lbs.,  ?,  being  the  wei.L;lit  of  the  wire  iu  lb-,  per  foot. 

Tills  formula  is  approxiniat.K  true  only,  but  is  sufficiently  near  for  the 
cases  which  usually  occur  iu  telegraphv.  The  <  urve  to  whicli  it  -trie  tlj 
applies  is  a  parabola,  with  its  veitex  at  th<'  lowest  part  of  the  loop.  1  lie  tiu> 
curve,  however,  is  that  known  to  engine'  rs  as  the  catfnary,  which  is  tli. 
curve  in  wliicii  a  jH  riectly  flexible  gravitating  cord  hangs  when  supported 
at  its  two  ends.  Hi.-  (Ufference  between  the  two  curves  is  i)ractically  in- 
appreciable iu  the  short  spans  used  in  tili grai>hy,  but  in  the  longer  spans 
used  sometimes  in  power  transmission  the  catenary  formula  - 

d  =  :^o(Cos!j  '"  -  I)      .  . 

H'  2 

shouhl  be  used.  In  this  formula  T,  is  the  horizontal  tension  at  the  lowest 
point  of  the  looj),  and  it  is  interesting  to  note  that  the  tensioa  in  the  curve 

close  to  till-  insulator  is — 

'i        l„(osIi  .  .  (i' 

^    '  0 

K.pi.ition  (2)  allows  the  •  .lip  '•       to  be  calculated  when  a  safe  value 
i>  a»uiiu<l  lor  i„     BoUi  erpi.ition^,  however,  require  the  use  of  a  table 
of  hyperbolic  (n-mes  (  ■  Cosh  •  ).    Such  tabl  -  were,  not  many  year-  .iro 
difficult  to  procure,  but,  thanks  to  the  en.  igv  "f  Dr.  A.  F..  Kennell\  and 
others,  they  arc  now  becoming  eomnion  amongst  engineers. 

Hoth  the  formulic  (i)  and  (2)  >liow  that  the  "  dip  "  is  independent 
ot  the  K.tug.'  of  the  wire,  but  is  dependent  upon  the  material  used.  It 
alM.  depends  ujwn  the  ma.ximnm  .tre.s  ,i  ...  jh,.  tension  unit  cross- 
section)  to  which  it  i>  eoti-ideud  .-.if.'  to  -ubject  the  wire. 

Lfftcis  vf  Jcnp.rMur.  .    .V-  pointed  out  elsewhere,  the  dip  also  de- 
pends on  the  temperature  and  coefficient  of  exj)an-ion  of  the  wire  nid 
the  nsual  formnhe  f.,r  ralculafing  this  effect,  as  based  on  equation  (i) 
wdl  be  inmid  ;n  tli,  i,  l,i;,.q,li  -„  rtion.   The  formula  for  the  length  (L) 
of  the  wire  based  on  equation  \i)  is — 

L  =.^«Sinh. 


Co/7  / K  V  .  .■f.'.r.inyrv  C. '.v/tc  /i'/. 
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■o  wlurh  the  usual  equations  for  tlu:  h.i.,,.  .xpaiiMuu  ..I  the  wire  with 
'ne  of  temperature  can  be  apphed.    In  tlu.  fornuila  '  Mnh       the  hvp'  ' 
■„;l,r  --lu.    an.1  can  he  ol.t,.-.ne.l  at  once  by  ivfeienre  to  the  proper  tabl. . 

Copper  V.  Aluminium,  -on    P..K.     ho.'    we   Kave   a    table   of  the 
,,hvsical  constants  of  the.e  two  nut.iU   .uhI  u.    n,  .mw  in     p-Mtum  to 
,„„„unt  upon  some  of  the  effects  ui  tlu  m-  .  u,iM..m.  m  pi..M.  lu^  -.t  ..v.  t 
!i,a<l  hill  i  fection. 

A>  !.  L. ml-  vMii-  "1  .  'I'l.il  .  .iUiliKtiMty.  .  iippf 
twice  imoii  exartly.  i       tiii!.->;  the  weight 
,,f  ahiniinium.  and  therefore  for  equal  ten- 
,„„,-.  Ill  the  wire  the  sag  for  copper  accord- 
1,1  Kiu.itu.n  U!  would  be  tw'ce  that  for 
dumir.iuiii.    The  ten-il.^  Mieivt!,  of  copper 
however,  about  twice  tint  of  alurniniuni. 
„icl  therefore  with  the  same  "  factor  of 
tv  "  the  value  Un  i  oppi  r  nt  r  in  the 
k   ■  i.la  may,  allowing  for  tiie  lain,  r 
section  of  the  aluminium  (i  ti.=»    n.  be  I  J 
fiiu-  that   "t  the  value   for  aluminium, 
thu>  partlv  (iiininishinK  the  relative  sags  to 
l--  ■  I    \\\]r\\  wiir.  'if  eipial  . oinluctivity 
and  with  the  same  factor  of   safety  art> 
compared.     A  greater  value  of  the  sag 
means  that  parallel  wires  at  the  same  L  v.  1 
must  be  spaced   farther   apart    to  avrnd 
contact  when  swinging  in  the  wind,  .m.l 
this  iiums  cither  more  pole 
height    and   cost  of    the  p 
length  of  cross-arms,  etc. 
the  sag  on  the  spacing  of  wire 
levels  IS  also  obvious.    The  net  result  is 
that  copp.  1  lines  ut  o  lo  scj.  in.  and  under 
are  Usually  the  cheaper. 

\nother  disturbing  factor  which  cni- 
Dlicates  the  comparison  is  the  .  fleet  ot  the  different  coetlici.  tits  of  liii  ■  i' 
exDansion  with  rise  of  temperature,  tlu-  coefficient  for  alummmm  being 
1-4  times  that  for  copper.  This  means  ,i,at  tin  sa,  ..f  tl,-  ahmmnum 
wire  will  increase  more  rapidly  than  that  of  the  cpp.  r  wire  as  tli. 
temiK  iaturc  rises.  The  law  connecting  the  sag  with  the  rise  of  tempera- 
ture IS  a  too  comphcat.  .1  one  for  treatment  here,  but  corresp..ndmg  to 
equation  (I)  above  we  have 

^  rf,  =  ^'  rf*  A     .  •  ('r» 

in  which  *  is  the  coefficient  of  expansion  and  d,  is  the  dip  at  a  tcmiH  ia- 


increased 
•  icreased 
ii.ct  ..t 
t  dilferenl 
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tiiiv  «  ,  ~  !in,'li,  r  tlian  that  for  which  the  dip  is  ,/.  For  the  catenary 
<  nrvc,  a>  alr.  aiK  nH-ntionod,  the  usual  expansion  formula  must  l>e  applied 
to  I,  in  r<iti:ifi<.n  (4t. 

'ii  in-.  ..I  ;iiin..-i,li,  11,-  trni|i(  iatiin',  of  roiir-f.  affect-  tlio  tompcra 
till.  Ml  till  wiiv.  anil  tor  tel(graj)hic  purpuMs  ila  .  rate  tables,  referred 
to  elx  wherc,  have  been  calculated  for  the  saj,-^  of  copper  and  iron  wires 
for  onhnary  tern  -trial  temp,  raturr-.  The  n -iilt-  aie  -trikmc  Thu- 
for  copi-i  r  wire  a  -at,-  ..f  u.  _•  in.  at  jj  '  Iv  a  cntaiii  -.jmii  1-  dnnhled 
at  75    I'.,  an. I  li...inie-  5  ft.  o  in  at  lu.i  i\ 


Ohii 


"I  a  telegraphic  current,  however,  does 
not  a])preciably  heat  the  coiidurtor,  hut 
in  iiower-tran-nii—ion  ]ir"!il.  in~  tlie  con- 
iliutor  become-  lieated  1>\-  thf  current 
-utliciently  t"  affect  the  -a;;.  Thus, 
aiccirdiii:,'  ti'  Mi.  !'..  Welln an  *  cnrrrnt 
I 'I  -'07  .inipei  e-  wdl,  in  -t..i  air,  raise 
tile  t(  iii])i  ratnro  of  a  copjKT  conductor 
so  I'",  .ihove  the  temperature  ,.1  the 
-iirroundin;,'  air,  and  an  aluininiuni  con- 
lui  tcr  of  till'  -.line  conductivit\  will  bo 
-iniilarly  heated  by  a  current  id  J04 
.imperes.  In  each  case  the  sag  of  the 
'Aire  will  W  iiicr.  a-ivj.  but  more  -o  m 
the  I  a-e  of  aluminium  tiian  ciii)per. 
A-  in  addition  the  aluminitmt  wire  is 
more  .ilft  cted  bv  wind  pressi;re,  ,1  -ubject 
into  which  we  c  .iimot  enter  m  detail, 
('>Pl)er  I-  hdti  r  than  .dnminium  where 
the  etfeet  of  change  of  temperature  on 
the  ^ag  is  important. 

Inducldiicc  Ciif>,iii/y.  —There  are 

-till  two  other  factors  to  be  taken  into 
.\.e.  transmission— namelj',  the  inductance  and  electrostatic 
capacity  of  the  line,  and  in  both  these,  owing  to  the  greater  -i/r  of  the 
aluminium  wire  for  equal  conductivity,  the  \-,ihie-  for  alummmm  are 
i;ieater  for  cpiidistant  wire-;  than  the  corre-ixniding  ones  for  copper, 
lablis  of  tlies(  \aiues  will  be  found  in  Mr.  Welbourn's  paper  referred 
to  alK>ve, 

Overhead  Cables.  Heavy  cables,  as  constructed  for  underground 
Work,  aie  sometmies  for  -hort  distances  more  conveniently  carried  over- 
head than  l.iid  underground,  such  cases  frequentlv  occurring  in  colliery 
work  between  the  geiur.iting  station  and  the  pit  mouth.    In  tlasc  cases, 

•  /     /ie  hiftilution  of  HUdiicjl  Eni,inttrs.  Vol.  I.I  1..  p.  ir,8  f  1914!. 
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,  ,h,.  rahlr  down  the  bv  Lnni;.!..^       ,>.,!  uyl.t  up  int..  tl,.  nr- 

,,„,.'  station.     Tlu-  nuthod  :..)o,,f.l  w  L.  -u-,Hn.l  tli.'  .l-ni.  ■ 
,,„„;.,\„,,n,l,.,l  vu„.  —  ,1  ...  ,...1.-.  MUt.,!.l..  M,.,,,-,.!.-.-^  l.vmK 

UMcl     In  rit,'.  1. 141       .-N.uui.K'      t^.v.n  ..1  -u.!,      M.-i-nMon  ol  a  o- 
.„u...  inch  tln...-con-  bitunu-n-in-ulat,  ,1   ■  IL  nl.  v      ...M-.  th.  .l.  -.nl- 
,',    ,,.„M,u,t.on  ot  which  a.v  pv.-n  .iMAvh.,.-.    Al    .!..■  H-"' 

,i,„,,,,  .l.,u,  nM..n.  ..1  th.  -■.  ti.M,  ~h..uu  .n.    h  >il  th.   -i/.-  ol 

the  ,i<  tnal  cabU'.  ,  ■ 

Tlu.   M..,H<n.lrr.   tw..a   ,a.    ..t    a   pat.  ut,  ,!    uj..,    uM.u.t,,,  tn„  .1  bv 


Hg.  i,l44.-S.i-pcn.l«l  Ov«hea<l  Ca».k  l.«  I'owct  T«n.mi«*». 


lK.nk.vV  U'^-aph  Woik,  t  un.iunv.  I  h.  sn^prnhng  st.vl  M  c 
.on.i.tH  .X  seven  strands  of  No.  m       .  1  uu.  ,  , h  wnv  b.  n,.  ..  .  8 

i„  .hanu  ter  and  havinR  a  hreakni^;  ..  nM,.,,  ..I  n..t  1.  --  .h.,u   

ll„  >u>iKndinf;  ban.l  i<  of  untanned   h.d.-.  writ  ">',: 
actangU    secured  bx   cn.1..~        — "d  .n.l  an  -  vied  h-l.    a,  t he 
otlter  through  which  tl,e  M.d  M.>,.eu.le,  ,u..^  ,    .la-  -u-pcnder  .an  be 
slipped  on  to  the  span  cable  at  any  p-mt. 

Various  tvpe<  -I  M.sprn.ler.  are  us.-d  h,r  both  luavy  and  hf.'ht. .  .  abl  . 
under  such  e.Icun,.  tance,  a^  are  re.erred  to  in  the  precede.  pan..nn^ 
For  instance.  F.,.  i..  ,.  -  an  uhM,  ....n        a  heavv  'M  '  J" 

^.^^^^^  „,.„.„f,„„r..a  bv  Me-r..  W.  '1.  ».lover  and  (o  1  he  ^hng  ,^ 
o  Vhit  lea.l  braide.l  with  waten>roofed  varn.  which  of.ers  prolnnu'cd 
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r<si>taii(f  to  advii-.!  :itmu-|)luric  infliu-nce  and  .,111  he  varied  to  mi.; 
It'ial  1  onditiijiis.  A  \vid«  bd^v  (»t  >uppi)rt  is  jirovidtd  lor  the  cabk-,  tliu- 
distrilnninK  the  wiifjlit  nver  ii  lonR  bor.r-inp  surfaa-.  and  the  ends  of  th, 
sItiK  art'  t;iil>|i<  (l  between  a  ivi  tani,'ular  collai  and  a  Winl^v.  both  luatl 
ot  k'  llvaiiN.  (1  malleabl,'  >ti,  l.  The  wid^-c  i>  Mipported  by  a  hot)k  wlikii 
can  n  a<lil\  -lide  alon.t;  the  si>an  wiie  \vliil>t  the  slinks  do  not  sHp  alon:.' 
the  eablf,  but  carry  it  lorwanl  a>  tlie  hooks  travel  alon.L;  on  tiie  win  " 

A  lif^htvr  t\i)c  <it 
|"H<irr  ol  -mill, II  I .  .n~ti  ir 
lion,  de>igned  lor  hglit  ami 
inedintn  weight  eables  and 
iiir  <ablis    -hulg  uiidi!- 
j,iuund  in  miiu's.  is  shown 
in  Fig.  1,143.    The  shii|- 
in  tbi'se  easts  is  f,'fnerall' 
made  ol  i  m  p  r  e  g  11  a  t  <  d 
\>  <  i\  en  <  ain  as,  and  a  hghter 
liook  of  the  pattern  shown 
in  Fig.  1,141  is  used.  Thi- 
ronii)lirs    witli    a  Honi. 
Oltice  re(juirenient  lor  ali 
eabk's   in   mines,  to  the 
i  lfcct  that  tliey  nnist  "  b. 
supported  in  such  a  in.innn 
as  adequately  to  prevent 
danger  and  damage  te  the 
(  ahles,"   The  hook  shown, 
'Aliilst    having   an  ainjiK 
uiargui    of    strength  lor 
ni  >rmal    conditions,  will 
•  pet!  out  if  the  cal>l<>  be 
ubji  ■  ted     to  abnormal 

Kis.  .,t«!s.-T»pi»»g  o%nh^.f  w,  Willi  Ti,r«.phaK  ciiifs     -'i'— -  -ui  h    is  may  be 

caused,  ftjr  nistance,  by 
tlu-  collapse  of  a  r<M.f  :  in  such  a  case  the  cable  will  fall  belore  it  is 
d.nu.iyrd  ti\-  l)eing  l(ii>i!>l\    toiii  awa\. 

111.-  a(.>^i.Mrance  oi  .i\,  riK  ad  tables  suspended  tromwire  rojH;s  is  familiar 
to  the  dweller-  in  nian\  ot  .w  large  towns,  wh»Te,  however,  the  suspended 
cable  is  more  usually  if  mrt  «-iicU»sively  fur  tele|^ic,nic  and  nut  |..,  p,,\\,  i 
transmission.  That  the  p<nr*7  lin«-.  suspend.d,  dues  not  differ  very 
much  in  appearance  irom  tl,.  inuhtple  tekphone  cable  will  be  evident 
Uoai  ail  ii*!.pecuoii  of  Fig.  1,144.  which  is  a  view  of  a  heavy  cable  erected 
%  Messrs.  Gtover  and  Co.  for  convejing  cKctric  power  to  a  mine,  the 
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ire  nsril  whiTf  tlu- 


vKition  sh..wn  IxniiR  a  ,.rti..n  <>(  tho  .-.iM.-  r,uri.  ,l  nv.  ilir.i.l  •■n  a  -tuui  1.  a 
ivii,-  ..it.narv  from  tho  iM)Wir-li()U«f  to  tlu-  piih.a.l.  Aihoaiur  iiuth...! 
would  havr  b.'.n  to  ronvt'V  the  jwiwcr.  t-ven  for  the  short  distaiuf 
,„volvr.l.l.\  m.MiH  of  Uaic  ov.  ihr.ul  niir.l.nt  thi-  W  'uM  haw  n.rc<^-itat.Ml 
,  ,  ;il.li-h(a(l  at  th.-  top  of  tho  ^halt  lo.  ih.  joints  iM  tw.vii  th.-  .ahU'  aii.l 
ilu  opi'n  \v\rv<.  Though  nv>r.M'x|x>nsivc,  it  l>.  tt.  i  practif  to  run  the 
,,1,1,.      ~li"\vn  lii^lit  up  to  til.'  switches,  etc.,  in  th«-  powcr-h»u>r. 

Junctwn  nilh  i>prn  11'.  v  M...ial  .  •  .ntriv.ii'. . 
cMe  whfther  at-nal  or  uiidtr- 
-round,  i<  ronnectcd  to  tlif  optn 
wins  of  an  overhtad  ■iystom. 
It.  as  i~  trcinit  ntls'  tlu'  la-i',  tin 
-ystcni  of  traiisniission  is  i>oly- 
pliase,  the  cable  is  terminatid  in 

,  -pel  i.il  flttillf,'  kliow'l  a~.  a  .mMi- 
h,  ad,  ni  whicii.  car.-liii  attnition 
IninR  paid  to  insulation,  it- 
imiltipk'  ronchictors  are  scpii- 
,iicd  and  l)roni,'lit  out.  readv  t.. 


oill.  il  or  "  I'rr-jointi 


I 

to  the  hare  ovt  rhcad  \vir>  >.    » >ii' 
-  xamph"  of  tliis  for  an  inidrr 
-i.miid  c  al>lr  h.is  ;dita(l\-  !>■  •  '■■ 
i^ivi-n  in  l-ii,'-  1. 1. '.I-    An-tliT  i 
-,  en  in  Vif-.  M-It  •  ' 
•,,000-volt  ov.  rill  ad  transini>si'  ■ 
■;mc  is  In  inu'  tapi'i'd  at  a  rolUt  i  \ 
Hithcid  to  {(cd  till'  in.K  hintiv 
tor  working  tlu-  scnt  n-.    Thr.  < 
trifnrcatinK  rabl«-heads  can  l»' 
,  1,  ,,,lv  Iliad..  Milt  111  til.  pi.-tnr.'. 

Shaft  Suspensions.  Ih"" 
.ire  certain  spoi  i.il  ca-fs  in  win.  li 
,1,,.  n.ndu.:t..r  has  to  be  susiH-ndrd  m  a  \.  if.,  d 
under  neith.T  the  "  overhead  "  nor  "  nndrri;rouiid     -v-i.in-  ' 
^t^in  whtch  the  conductor  ha~      W  ...uM  d-wn  "'--.K.d 
ol  a  mine,  and  as  space  do.-s  not  pernut  of  a  d.  tad,  -1  de.  np,i,.n  o,  ..iectrn 
distribution  in  mines,  a  brief  reierenr.-  may  1-  .n.i     t..  mi.  h  .  , 
portion  ..f  a  c  d)lo  in  <nch  a  p<isition  is  sliown  ni  Im^;.  1,14" 

„  u,i  ,,„.„.  .s .,„.,...r,..,i  ..V » v:"':.,T.t,:',;::;  ~5 

J;,',,,  I.,r  ,1„-         l..nBtU  nl  a^l.-op  .!,.,..  .<  n  ,.,..l.l..m  wl„h  „m-. 


ill  w  ill.  li  il  . '  iiiit  s 


i-r-  In  r. 
111..  .  abl- 


t 
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J:i.ici KK/TV  i.\  riir  SuKnci:  of  J/i,v 


I"    1  .Iti  llllh   1  on~l(|rIi  (l.       I'.Miii  lltlv  --iPlTi.lllv  lU>iL;i|. 

>uii[i(>it>  inii-l  111'  piuvidiil  at  tlic  tup  ()f  tli. 
shaft  wIiiTt'  till-  rahii-  »ntirs,  and  these  s»i> 
port-,  niii^t  !»■  i.ip.ilile  d  tarrying  a  Inavv  wci^;!!' 
reikuncd  in  Xnw-.  I  hr  i  li  .it  shown  in  l  ii,'.  i.i4(>  i 
int»'n(li(l  til  ,1-— tlic  top  Mi-|i(ii-iiiii  whil-t 
servin}-  to  keep  tlie  e,il>le  in  its  j)l.ice.  It  i-  -hnwi 
una  lar£;er  scale,  with  aildit'onal  (ittinKs.  in  Iij,'.  i.i-^: 
Tlir  pl.'i'H  iii  til  i;iip  Ihr  (.ililf  liitiiK-  witlmiit  iiijiiiA 
to  tile  uiiifr  or  tilliei  ct)\  t  rinj,'-  I  hi'eh-at  is  niad*'  oi 
twi>  thick  liardw(x)il  ImkihIs,  about  .}o  incites  long,  the 

kind  of  Wiiiid  used  \n  \\v^  selected  to  >uit  tlie  condi- 
tions nt  till-  p.iitii  iil.ir  -li.itt.  There  are  groove-, 
on  tlie  inner  --ides  ol  the  lio.iiii-.  into  which  the  cable 
tits  tightlv  and  evenly  when  tlie  halves  of  tlie  cleat 
are  clamped  together  as  shown.  With  a  firm  grip  ol 
tlii-  kind,  ,ind  with  tlieele.it  it-elf  pro|)erly  -ujjported. 
each  cleat  can  be  s.ilely  relied  upon  to  carry  the 
weight  of  about  half  a  ton  of  cable.  In  Fig.  1,147 
rig.  i,i4f.— "tilovCT'.  •  Cl«ai  the  top  of  the  cleat  li.i-.  been  chamfered  oft  and 
or  Shall  CaMw.  coVCTcd  With  a  lllet.ll  c.ip,  which  Will  fend  olt  falliiij; 

materials  and  the  lodgment  prevent  of  dirt  and  slime. 

III.— i:XTR.\  H!(.H-V<)LT.\<ii:  tJVIlRHKAD  TR.WSMISSIOX 

The  ad\  antages  ol  increa^iiii;  tlic  voltage  ot  ti  an-iins>iiin,  to  w  liii  h  ret.  r- 
eiice  has  already  been  made  (siv  pages  57_'  to  374.  \'ol.  I.),  have  been  so  welj 
realised  that  during  the  last  few  years  systems  using  much  higher  voltages 
tli.iM  a,i\-  which  were  once  considered  possibli  aave  been  erected  in  varion> 
part-  111  the  world.  Siu  li  Miltages— say.  fio.nuo  up  to  150.000  volts  -inlin 
duce  into  the  problem  new  controliiiii;  lai  tiii>  which  .it  mui  li  lower  voliam  -. 
Were  either  non-existent  or  negligibh',  and  >ome  ol  these  factors  profound]\' 
niodilv  tlie  ilesign  of  the  apiiliancts  used.  The  object  of  the  engineers  is  to 

pll-ll  tile  M  l!.ii;e  II])  t"  tile  limit  wllieh  call  be  U>ed  eCollumicalK'  in  vieu 
ol  till'  undei  lying  l.iw- .mil  w  ith  the  m.iterials  available.  I'ostjwniiig  for 
a  time  the  consideration  of  the  limitations,  which  prevent  an  unrestricted 
raising  of  tl;i'  \olt,iL;e.  \m  >liall  lirst  describe  Minie  of  the  actual  applianci  - 
in  i!-e,  whi(  li  ale  lull  nl  interest,  .uid  .1  knowledge  of  which  will,  later  011, 
render  the  (.  1 'n:~i<leratii ill  ul  the  limitations  easier  to  lollow. 

Overhead  Construction.— I'"t>r  reasons  which  by  this  time  will  Ik- 
familiar  to  th(>  reader,  the  transmission  line  for  these  high  voltages  is  almost, 
if  not  quiie.  in v.!ri;!hl\'  a  hare  oxcrhe  id  conductor  of  cupper  or  aiiiminiui)!. 
carried  on  suitable  supports,  and  insulated  with  special  insulators  at  the>c 
supports.    Both  the  supports  and  the  insulators  merit  careful  consideration 
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The  S  ,;r 'I/-.  —  rii<->-  U«\l.ill\  t.iki'  liif  lunil  <•!  -tii!  m  iion  jM.l.-  <.| 
,,,wr,-  ..1  i.itti.  1 -wciik  ivpf.  .U'M«iu-il  with  a  view  t.i  tvuiiomy  «>t  iiul.ii.il 

Ahll-l   the  n(,'.'".il\    -M.li-lh   1-  ..l.l.im.-.l.  til,    ,l.~..;i:  .tl-i-  l-n-  .ill..t,.l 

by  the  iHj>iituii  ..1  til.'  liiu'  .iiid  it>  exp..Miir  u.jHim  .  ,.ii,liti,,i  - 

A  siliipU'  fi  riti  "f  Mu  h  polt  -  or  mast>  is  >1u.\mi  in  Fit;-,  i.i ■!  1  i  i  f  "! 
'uhi.h  1-1,.  i.M'i  i-.i  -''I'  .1' v.itioii  .uhI  Vk.  i.l4.S,iii.l.  vati..ii  luokiiii; 

the  hlle."^  111.'  ..vaiiil-le  i-  t.ik.n  nn,,i  .,,   v  ,.  vul»  liu.  ,ir.i,-.l  m  x.ulh 

Africa   Irom  the  Ver-  s**^' 
ci  nii;iiig  #t.ition  to  the 

Kand.  a  distance  ot 
thirty-five  mill's.  Hie 
transmission  is  three- 
phase  at  the  voltage 

name.!,  .mtl  there  ari' 

tour   tiiiee-iihaso  cir- 
cuits, twelve  eOndUCtor.- 

in  all.   i.iiiied  on  two 

parallel  liiie>  of  mast>. 

Each    mast,  tluui.nv, 

carries    ^^ix    wires,  the 

three  for  a  :-iiiiL;lc  circuit 

Ix'inL;  iiu  "ii-'  ^I'l,'  i^l  ili'' 

mast,  and  tin-  thue  loi 

the  other  circuit  ou  the 

„tl.       ~i(l-.      riie  tliir. 

wii.  ■  .1.  '' .  >.        a  siii^ii 

circur   a^e  Mlati\<ly  ti, 

one  another  at  the  cor 

ners  ot    an  rquilateral 

trian.;:,  :  h.n  ir.L:  one  siilr 

vertical.  t\\,>  iHin^  sn> 

|H;nded  from  the  loiii; 
upper  I  r, )>--.ii ni,  and  the 

thud     Uoni    the  short 

lower  crosS-arm.    The  di-taim    Ixiweeu  the  i-  > 

lowest  cross-arm  is  31  feet  6  inches  from  the  f;ioun...  Hi 
feet,  and  the  wires^ai.  strctclied  so  that  the  greatest  sa^  is  i"  feet.  Thus 
the  lowe-i  p.i.i  -■t  .....  ..Mul  i.t,,r  !~  n..t  1.     th.in  ^4  feet  (,  im  IfS  from 

tlie  suriace  ot  ih-  i^.oiui.l.  \s  >r,  ii  ni  l-if,'.  i.mm,  the  nia-t  i--  provided 
with  a  safety  >crfe:.  to  prevent  the  possibility  of  men  w-il.iiu  'u  <.ii,- 
circuit  inakiii;.;  .  ontac  t  nilh  the  circuit  on  the  opposite  side  oi  the  nia>t. 
The  screen  ir.  a  rectangular  steel  framework  interlaced  with  ualvani>cd 
steel-wir<-  tiettinp. 


Fig.  i.iv- 


l>..uWe  Circnii,  IntcrmeJiiie  M»<t,  I  ri;.i.|j>il"l>  sjiacta  C  ...d..ci..rs. 
Ciii»r.t  Wirfi  .111,1  ■>  ■  r-  n. 

,  1  .     ind  the 

-p.in  IS  5011 


Elf.ctkicity  is  the  Skkvkk  of  Mas 


Three  otliir  loiiductors  ar«'  iarri«Ml  on  the  pole  at  the  points  ee  t ;  thes<- 
are  eartht-d  Knnliufors  iii1rii(lf<l  to  iirt  a-;  j^iiard  wiro-  to  protict  tli.^  liiu 
from  lightiiiiif,'  <li>i  lKii>,'ts.  a  subjirt  to  wliii  li  iffircin  i>  will  be  tiiadi  lati  i 
The  gfiit  ral  appearance  of  thi'  line  is  shown  in  Fig.  1.150,  where  the  niavi 
just  dcstribvil  will  seen  in  the  bacicground.  The  masts  in  the  foregroun*! 
are  of  more  elaborate  constnirtion.  and  are  known  as  "  anchor "  masts, 
riiey  are  imu  li  '-tioiict  r  than  the  otlirr  or  inli  iinediate  masts,  and  are 
<lesigned  to  take  tile  lull  strain  ol  the  ronduetors  in  the  lini>  direction, 
whilst  the  intermediate  masts  are  inten(h-d  to  take  the  strain  due  to  wind 
pressure  transverse  to  the  hno.  Fvery  fonrtli  ma-i  i--  an  anchor  mast, 
and  tliey  are  therefore  2.o(«)  feet,  or  o\ir  a  Ihiid  o|  a  mile,  apart  ;  theii 

u\i i-.ill  height  is  71  feet 
<>  ineiies,  the  lowest  cross- 
arm  Ix'inK.  as  is  the  case 
\\  ith  the  li:;lit.  \  mast-, 
.',4  teet  ()  inclii  -  111, 111  the 
sround.  The  <  ross-arms 
ar<'  nrai  Iv  e(]i|.il  HI  l'i;L;tli. 
.ind  the  conduit' 11 ot 
I  ai  li  circuit  arc  nearly  ver- 
tically over  one  another 
.mil  ()  feet  .ipar?.  The 
tllli  r  i-.llllirii  l:ii.!!i1  wires 

.ire  placed,  a-  ~h"wu.  be- 
low the  live  wire. 

Till  luiinini,'  of  imir 
I  Ml  uit>  as  i>i  *!if  I  a-i-  just 
considereii  i-  a  nii  i-.nre 
of  precaution  whii  h  i.-  not 
otten  atloptfU.  hut  ilo-,.iii-  1  rrcuii  .w  ipiile  coiiimoii.  and  sins'li'  '  ircuits 
.ire  sonulinii-  1 'in.  .\  -'.nil. ml  -in!  trnvei  :  ■!  .Awi/  fn\/'(/,-  tlirn- 
pliiise  at   Imi  ,,  .  .,wii    by   I'ig.  |  he    hue    1-    :..r  the 

piniMise  111  iiiiAi  viii  jxiwir  Irotn  Stave  Falls.  British  <  olunibia.  to 
the  cities  ol  N'.ni'  .iivi  1  ami  \i  w  Wr-iniin-trr.  a  ilist.inn-  I'l  .ib.  :t  -,5 
miU'S.  rile  tim  e  v.iii  ni  cu  h  1  in  nit  ah  \i  rticall\  ii\i  r  niii  ai  lier 
on  either  >iilr  I'l  -h  tuwri,  brini,'  i.iiiiiil  b\-  three  cro— -arms  ot  ojK'n 
steel  work.  llie  \>.  IIS  .nf  of  stranded  ciip[)er,  with  a  hemp  iintre, 
and  an  earthed  f,Mi.ud  win-  is  carried  on  the  api  v  of  th,.  towir 

r.i-sm,!,'  to  ,1  still  iiii^in  r  \  ult,ij.;e.  ail  i  \am]>l.-  ul  .1  staiulanl  -n: _  citit 
tower  Is  j;iv.  II  111  Fi-.  1.15J.  riiis  is  takm  Ironi  the  iio,oou-volt  trans- 
mibbion  svsfiin  of  the  Hy.Uu-lLleetric  Power  (\iinniission  of  the  Province 
of  Ontario,  a  <i<iV' 1  imn  iit  i  iir])oratioii  eiitnistei!  with  tin  ilu!\  ■  dis- 
tributint;  electrieall\-  s,,,,,.   ,,1  the  powi'r  ol  tin-  Fail-  ot  .\iai;ar.i  io  the 


Hn.  i.ivj.— L)uptu.:l«  1 '.•u.-ic'i.tri.uu  Luic»  lc^i>,uoo  VoUk)  ill  tile 
rmn^vast. 
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v,iri<nw  nmnkipulitifs  of  tht-  jK>pnltm-<  i)i.  \m..  .1  iintdi,.  It  li.i-  •uf 
t  ilir  itmst  imimrtaiit  transmi:«sH»n  sy-f<uo  liitlmto  ip'Ii-I.  tli'ir  Ikiiii; 
V,  I  jSo  inilf-  of  ii.>,(XMi  volt  liws  .ui.l  iSo  niilo  at  lower  voh.im  v  <>.»Mto 

111(1  I  ;  -'<«>  vult-  -upplyins  t  n<TUV  lo  no  i.-wor  than  twfutv-nhic  tniiiiu  i- 
ilit;  ^    at    t  o-.t 

.,ruf.  It>  import- 

,111  <■   I"  the  1>>II 
1 11  iil.u   liM  alit  \ 
-crvi'il  "ill 
i  .ilivd  wlun  It 
i-  iiu  ntioia-il  that 

llinr   .11.    110  "K\\ 

iuini>  111  '  'Ht.iuii. 

Til'-  ti>W»T 

-liiiwn     ill  I'iu- 

I  .ISJ  llllll  T'llllll 

what  in  its  ilisiijn 
li.mi  thoM'  pri- 
\iuii-ly  n-lfin'il 
I,,,  but  th.-  1  In.  ! 
I'oint  to  whuh 
attention  i<  failed 
1-  111. It  til.'  coli- 
.Itutm-  .in'  siis- 
]ii'n<le<l  troni 
iliur  piiijcrtiii.t; 
l.uu  k.  I-  .It  .lilt- r- 
r  n  t  1 .  \  .  1  - .  -.0 
placed  tli.ii  the 
c'on<hu"tor»  are  at 

till-   11)1  lUI-  .1.  illl 

eiiuilateial  triaii- 
rIc  with  »)ne  side 
\irtie;il,  .i~  are 
tin-  f..ii(liKturs  ill 
Fig.  1 , 148  ;  with 
this  ilif feretice, 


f  i«  1  HI  — DoubIr.circi!it  Tower,  Vancoarar.   Conduciorj  (&>.< 
Venk.illy  Spaceil.   Earth  Wir«  on  Aptx. 


Volt.» 


however,  that  the  equilateral  trianplo  in  Fit;,  i.i^,^  is  on  one  Mil.'  ..t  the 
snpport  in.ir-t.  wli.  n.i-  in  Yv^.  MS-  tlu-  i.-i-l  i-  .  n.  !.--.!  I'V  tlu-  three 
wires.  Later  some  particular^  will  W  ^iveii  ..t  tli.'  iiu  th.'.l  -'f  eiv.  ti..n  nt, 
and  the  footings  providetl  for,  ih> t.  wi  r  . 

The  triangular  ai raiii,'.  ni.  iit  of  the  tiirer  wires  of  a  cin  uit  is  niaiiifained 
in  this  system,  when  duuhie  circuits  are  heiiii;  carried  by  the  same  line 
183 
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a.' Fxrifi'  iTV  /.V  jHi  Sfkvice  oi  Max 


_    .ijj.— Standani  Thicc  iihaac  iuncta  ,  _ 

Wrio.  Condnclors  (ii'm.jo  V.)ltii)  Tnanisiilirly  Spaciil. 

(il  tllO  two  lini  ~ 

being  till  11  1  I 
apart.  The  ap- 
pearance ol 
these  transmis- 
sion hncs  ami 
uf  the  count r\' 
through  vvhicli 
they  pas>  i> 
shown  on  l-  ii: 
1.154,  whil-t 
one  of  the 
standard 


of  towtr*.  Ati  example  1 
given  in  I  I  I  s '.  whii  . 
show-  .1  . 1'  •iihlc  (  II  (  ml  '  M  i--n 
a  1  ailw  ,i\  line.  I  lif  ti lUi  i 
arc  laiyi  r  tli.iii  the  tyjH.'  showi 
in  Fic.  1. 15-  and  thf  ajn-x  " 
till'  triant;if  1  -t  ilir  t..p.  ilr 
base  being  iioi  i/imlal.  In  tli' 
distance  can  Ik-  x-cn  a  tower  m 
li^lilrr  •  '  i^ti  ni  tiiiii  cai  1  \  iii,i;  m 

I  llr    li:;'     1,'    !•  1     li —    I'X.U  IIIlL 

(iiinliiii.n^. 

Tli<  voltages  in  use  have, 
however,  been  carried  btyond 

111.'      lie-   V..II--       1.1  th, 

<  Mitariii  lii  iiic,  tor  tiu  ie  wa- 
e(in>truetrd  in  i()i5  in  ("ah- 
l"tiii,i  a  tl,iii-tiii-~iiiii  -\-t(in 
ill  ■■iL^ticd  til  wi^ik  ,il  1511,1)1)11 
\.'lt^,  and  to  tiaii^niit  i.-ip  im., 
kilowatts  from  HiR  t'reek  in 
the  Sierra  Nevadas  to  Los 
.Viiurli  i,  a  lim  dist.inci-  ui  J41 
miles,  l-'ur  tlii>  transmission 
there  arc  two  steel  tower  hnes, 
larli  carrxm^  ,1  sini^lr  tlmi- 
pli.i^L-  cuiuit  \viih  tlie  ton- 
dui  lors  in  a  limi/ontal  plane 
17  Icet  6  in.  apart,  the  centres 


Fig.  1,153,— Typkal  Doubie.circuii  TraiismissiMii  IJne,  Ontario;  Triaagolafly 
Spaced  Three-pha<ic  Condlicturs. 


Oi  UKtn.  U'  Tkaxsmis  i  '\  /ims 


.■Wt-r*   !■*   sl»>\MI    111    lu.    I  ISS       111'    1.'"   I-    .11.     iil.i.  1.1  Mm.  I.,t  3.y%\\. 

ii.l  .tro  43  i»<t  hiuli  Ik'hi  tin  gn.uiul  t>i  tli-  uu-  .iini  :  iIk' •  <>n«hictois 
I,  lultd  .t-i  -liowii,  iitnl  arr  ii.  uiv.    i  iiiiimiiuin  i  It  ar.iiK  c 

I        1,-,  I  ,il„.\.-  tin   -:i..uii.l      111.   .  ..11.1';.         .11.    111. 1. If  "t  .ilniiiiiiiuiii, 

a.lVIIlK    .111    OUt-i<l<-    >ll.ini<lil    111    .,,,5    III.  Il     .111.1    .1    -I<<1    'I'll     .  ..|l-l-llli; 

,.t  seven  St ramU  <>(  K.ilvaniM-i\        \  «in'.  <  .i.  Ii   -ti  .m.l  I..111;; 

h   in   .li.iiiu  td.    Til.  \  w.  it^li    p  ^i"^  II'    J»T   mil'--  •>""'  .  .iL  ul.ilf.l 

;,,  .1,111.1  .1   m.ixiiimm   Mm-  d    7  v".   II'.    A     a .  11  -tr.in.l   l:.i1\ .iiiisc.l 

-1. 1IICI1--M.11III1  -'-'"I  '•»''!'■      "I"  •  ■  "'  ''"  ■"' 

.Mif.    All' li'T  lowtTS  ari'  juovuK.l  .11  iiii.  i\,iU  m  -.11.  ;;ii.ii'l  lli  1 

iiii^fiicy  yti  •«n.'  or  imirc  «>t  tli"  <uiuliirttn>  hrfukiiii;.  SiM'i.il  t..w.!-  at.- 
il-o  nstnl  at  anslos  wTmto  tho  1      i-  «l.'rt.t  te.J. 


It  will  1m  q.itli.io.l  Irnin  the  lori'goiiiK  fli;'t  tlio  type  of  lower  to  Ix- 
a.loi>Utl  iK  jH  ii.ls  on  the  number  of  circuits  t..  ?  ■  .  airicvl.  ^le  cliarai  ti  r  ot 
the  country  tlirout;li  which  tlic  hne  has  t..  pa-  m.l  tl  .  chmatc ;  al^«i 
(111  the  tyjx;  of  insulator.  The  towers  so  far  illustiated  have  .-xl!  been  luui 
lit;i;vtl,  but  thiie-legRefl  towers  have  also  been  dtsi^ind  and  elected,  but 
tliN  method  has  not  been  m>  w  iilrl\-  .ul.'j.t.'.l  a-  ll..  "lli'i.  «  Mi.'  nl  tlnx; 
ihrcc-leggcd  towers  is  shown  ui  l"ig.  1.15*'-*  I'  "'-'■'l  i'"  '"'  v  iIk'  i+'  ou" 
volt  single-circuit  line  of  the  Kastern  Michinan  l*ow«  r  l  ..niiLiiiv. 

Attention  lia>  briMi  iliic't..!  Iidiii  tiiue  lu  tiiii.'  in  tin-  tup'i;<ini«  to  ihc 
relative  positions  ot  the  thie.-  Londiut.'i-  whi.  h  l.'ini  a  Miii;!'-  l  in  uit.  and 
it  will  have  becia  noticed  that  the  pi  t  m  .  i--  lar  honi  uiui.  n       i  i"  >ii~ 
tance  apart  of  the  separate  cdnductors  dt  peiuls,  of  course.  up..n  tlu  \oliage, 

♦  1  rom  x\k  I nnir-il  l-.ltilrii  Ktriiw.  ]  I'lU. 
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hwi  tlirir  K  l.iti\-.'  |iosition     lici  iddl  \\\  ntluT  coiisidfrations.    For  instantt 
lUthoDgli  txaiiiplfs  to  the  contrary  have  been  given,  it  is  not  now  con- 
sidered Rood  practice  to  place  two  or  more  conductors  in  m  vertical  plain 
(•si>ccially  w  ln  rc  --now  and  lie  air  likrl\-  lo  l  ullci  t  on  tlir  wires  and  -n 
pi  ii>iiin  insulators  are  employed.    It  has  Ih'cii  observi'.l  that  i<  e  teint 
to  collect  more  at  the  centres  of  the  spans  than  near  the  towers,  and  ilii- 

■-hotild   bi'  I.ik<; 
iiitocoM^idi  r.ilioi 
I' (<  II II. ill/ 1  f  I 
and  llri\ti<iiis. 
It  is  obvi<insI\ 
in. liter    o|  me.r 
iiii)>ortaiii  e  that 
the    towrrs  de 
seribt'il  ^liould  I" 

elected  on  >eeini 
t  '  I  II  11  .1  .1  t  1  1 1  II  ^ 

whith  >hould  be 
all  i(inally  stable 
lor  the  ditferelll 
K  f^s  ot  the  toWtT. 
The    m  e  t  h  o  d 

adopted  lur  the 
-taiulard  lowii- 
(Fig.  1. 15-')  of  the 
<">ntario  tiaiiMuis- 
-ion  sy-tein  is 
^howa  ill  Fif.;. 
1. 157.  A  riveted 
-teel   t;rinav;i-  2.S 

I     hi-  -(|ll,He 

buried  about  7 
iiet  deep  in  the 
soil  nil  a  loiliida- 
t  i  o  II    0  I  field 

stones,     and  i> 

bolted  to  a  lej,'  anyle  alxiut  <S  feet  long  and  projecting  12  inches  to 
15  inches  above  the  surface  of  the  fn'ound.  OthtT  details  are  given  in  the 
tiLIiii  i'.  Tlie^e  -itandard  1,'!  illa^.M--  and  leu  aPLile-  weinh  (»iii  lb.,  \\  hil-t  m 
poor  ground,  w  hen'  iu  a\  ier  ( (iiistriiction  may  be  recpiired,  the  weight 
may  run  up  t<>  i.8jo  lb.  For  corner  towers  with  largo  angles  and  long 
spans,  or  in  •-till  jKiorer  p(>sition-;,  coiierete  footings  are  used,  as  shown 
iti  Fig.  i.i.n'^  ,  diineiisioiis  of  the  iletails  aie  given. 


Fie.  Mm 


Si.md.iril  tower  ;  Omducton 

1  An,  h..r.,l. 


EnKcrioM  OF  Tka.\smissio\  Tot^'m^ 


AMi~   IS  to  tlelivcr  the  s«{>aratf  part> 
tin-  >\»A  ami  to  btiiUl  up  tlic  timtr 

Wii  on  the  i,T(mnil.  It  i-  I'l'"  mIuiI 
■itii  Its  place,  as  >ho\vn  m  Imk-  i  i.Vt 
\~  >l(irinK  i\w  tiltinp  faults  may  «U-vi*li>p. 
'    1-    vii\  tli.it    atlii  cirition 

II,.  sirurtuii'  ^linulil  1><-  laKluMv  m- 
[Hrtcd    to    as<ertaiu    whetluT    .iiiv  <>t 

h    iiuiulHrs   have   bivn   distortt-il  ami 

li.  tli.i   .iiiv  of  thf  Ix'lts  require  to  W 

Jilc'iKil  nil, 

riie  above  iiutlio<l>  of  iloiKuinK  th,' 
•..iinilations  and  ereetiiiK  tlu-  towers  are 
■kftclutl  lt"in  .1  p.utinii.ii  -v-t.in  to  -^liow 
■lie  iKce->itv  li'i  i.iuliil  (liMgii  Ml  this 
|H.rtio»  of  the  work.    It  wouUl  obvitnisly 


Fit.  I.n>'.-Thrit-I«i!f»<l  Sun.laril  1  «<-t 

to.i  !,u  .iiiiM  to  piir>ue  this 

I  thf  -ul>)i  c  t   l.ii  tiiel 

Bxtra  High-voltage  Insula- 
tors.very  hl^h  voltage-,  wlm  li 
we    have    just    In-en  eonsi.lering. 

niltliri-    lor   the   efieilive  lIlMll.itloll 

ol  the  tomluetor  in^ulatoi-  luii.l.i- 
nu  ntally  different  from  the  ordinary 
l»  tti(iMt  iii-ul.itor^  viippdrted  by  a 
>leel  n  iitial  piii  "hi'  h  ai>  uni- 
versally employed  loi  ov,  ihr.i.l  woik 
111  tele>?raphy  ami  trlephoii\.  ami 
injLttoool  liave  also  Ix'en  fouml  serviceable  in 

MMMW 


rarr\  ii- 
asjM'ct 


S  Squan' 
Kifr  1,15:  — Stiiinu    f  ih'^  y 


many  jx'wei  ti.m- mi— ion  -i  ht  iiu-. 
at  low  and  nuxU  raiely  Iuk'h  voltane>. 
It  is  true  that  a  K'«'<1  |H)rtelain 


El  Fa  tkkity  is  thr  Sf.rvice  of  Mas- 


•louhlf-slu-el  itt'^tilator,  such  as  is  clepirti  ■ 

ill  Iml;  1,1  17.  In.l\-  ^.ifi  K  lir  cllilvtciXi'll  I 
\  i>lt,i),'i~  t  '     iJ.iMMi  di  ,\, 

liifiliiT,   ;inil.   Ii\    nil  ii  I  M!:,'  tlic   -.izf  .11.. 
iiiudilyins  tin-  ilrsi|;'n,  miikI<-  iii>ul.itor>  .  ; 
tlii-  lifinral   tyiif  may  be  ciniilnvi'd  |. 
iimili  liisjlicr  \iilt.ii;f~.     Hi\..]i(l  ,1  (iit.n 
\'<ilta.t;r,  >av <)i),iKH)  tu  ^d.immi  \iilt^,  tlu'wlinl 
iliiolioii  t'f  tin-  fiinilaiin-iit.il  (Icsitin  nf  tip 

llWlll.lliil-  til     111-     Ir.  ..ll~ll|i  11  1!.  A 

1  mi.li.iu  (1  with  -M-  |n  n^inii  infill. itiii>  d. 
•-i  rihfd  l.x'liiw,  tilt  1  ciitrai  i)in  sHp|><>rtrcl 
insulatnrs,  n  Irrrni  tu  ali.ivf.  aro,  tor  hif;lici 
vciUafio.  \y.\v  \\  mon' <-iist!\- ami  wi-.iki  T.  hutli 
t  lcctrii  alK'  -inil  iin .  ImihimIK",  >'Pini'  m- 
>tuiU  (,  >  of  the  iii'xiiru  .itiiiii'  ut  the  piii- 
siipportfd  in<»latiii  to  inablf  it  to  (.in\ 

hiull-Vuhai^r  -    ll.l\r  In  1  11  I 

■— ^^-^         ,1.  ^  ^^ij  paf,'i>  iliu  .iiul  iiii      ilii    ill -<  1  iptiui. 

"  '  '  ■     of  a  few  furtlu  r  iinxliln  atimi-  w  ill   Iw  .1 

convenient  introduction  to  the  i  (in>idt  ratioii 
of  the  more  modrrn  type  of  "  >u>pensiun  " 

iii-iil,itc>r. 

Jt  will  be  noticed  that  tiie  niattrial  ol  the  insulator?  shown  in  Fi^s. 
1,137  t«»  T.i4f.  and  in  the  telepraph  section,  is  all  in  one  piece.  The 
ilifii(ult\  of  manufacturing  suci'.  in^nlatni ~  w ithuut  ,in\' iiiirni-rupii- l.udt- 
•  level  iping  in  tiie  filing  increase-  rapidly  with  the  size,  and.  tu  miiuini-r 

thi>  d.infii  r.  a  

fui titer  devrl- 
opnictit  is  to 
lOii-uiKt  tin 
insulator  in 
two  or  more 
parts,  which 
are      t  1-  '■  11 
ceiprided  tu 
petiier.  Thi- 
oViTcoiiies  till 
111  a  tin  la  I  t  111 
ing  dithrulty. 
and  the  sizi 

IMil  llf  fltl  lllcl 

i  tl  c  r  r  a  s  e  d 
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,„>til  ii  limit  1-  linin  the  other  considrration*.  m.dunical  and 

iKctricid,  rcdrrcil  to  abov.'. 

I  wo  exampU-sol  such  comiJoinid  insulators  will  suttit  e.    In  l-iu>.  i  i«h)  .md 

i  idi  tli<ri' 

I  u  o-piec  I- 
insulator. 
,  iin-istini; 

,.t  ullc  ilfiU- 

l.lc-slu'd  in- 
sulator ce- 
iiH  iitfd  iii- 
-idf  an- 
other. The 
upi>er  insu- 
lator has  a 

licii  l'>\ 

uiciu'S  in 
diameter, 
l>iit  jj  onlv 


imhes 


li,  i,iAo.-MuUi-.he<l  Porcelain  liivi'.,tot  or  i^.eo-.  V  :iv 


in   vertical  ,  ,       .     ,  ■,, 

luight.  whilst  the  inner  insulator  has  a  hell  ;.i  nKh-s  m  dumeter  vMth 
an  inner  she.1  ^\  inches  in  diameter,  and  a  vertical  he.aht  ot  a»M,ut 

 4f  >\ 


Fu.  ...«..-  I '.iii-i  -i      "<  Ml.  li-h.<l  In 


II3S 
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iiirli.>.     riic  ..vti-.ill  lin-ht  Ml  til,   m-ulator  is  7  imhes.    The  insulate, 
IS  inti  iiiliil  to  work  up  tn  a  line  vultagi-  of  45.000  volts,  and  i-  list, 
up  to  i45.(KMi.     Its  vvdght   is  11  lb.     Were  tlu-   atttnipt   ina<l.'  t 
mamifactun-  in  a  >inglp  pico-.  in  quantity,  an  insulattir  of  this  sizi-  anr! 


KiK   i,i6a— Mulli  shcd  Tor, tl., ill  li,Mil.il..r  for  :  ..,,r_>  Vu 


-liapc.  til.'  limit;  process  wt)uld  bo  -litficult.  and  many  faulty  insulators 
wouW  b«'  produced,  thus  raising  the  average  rost. 

A  lurthcr  cx.iinplf  of  tlii-,  typi-  of  insiilat,.i  i-  ^w,  n  m  l  i;,'-  i.ioj  and 
i.i(>.;,  whidi.  it  will  hv  found,  depict  a  compound  insulator  buUt  up  of  no 
f»  wer  than  four  single-shed  insulators  cemented  one  inside  the  other.  The 
dimensions  of  the  separate  in-iil,itors  are  given  in  Fit:  and  it  will 

be  noticed  that,  except  a>  r.pirils  \o.  2,  from  tli,  toj)  the  l)ell>  become 
narrow,  r  ,nid  tli,'  in-ul.itoi^  taller  as  wc  proceed  from  the  outside  to  the 
in-ide.  It  i>  obvious  that  the  outer  surfaces  of  the  inner  hells  are  not  so 
effectively  screened  from  rain  as  in  pre\  ious  examples.  The  overall  dimen- 
M'li-  ire  I)  in. ':s\vi,l,  hv  u  iiicli,-  h\^h.  and  the  insulator  is  intended 
loi  .1  hue  \..ltaK.  ul  7o,o(K»  volts  ;  it  is  tested  up  to  175,000  volts  at  the 
Work- 

.•\  little  cm-ideration  of  t!us,  ,  \ami)les  will  vhow  that  we  are  rapidly 
approaching  the  limits  ot  thi^  general  type  ol  insulator  if  only  from  the 


I  I  20 


:tchani<  al  ])«)im  i>f  vu  \v.    This  c<>nclu-i<>n,  witli  <>thors,  i-  bnniKht  «>»it 

1  till'  tnlldwiiii;  talili-  ; 


\\  idlli 

aMit 
Height. 


In. 


i,U...l„,i  luriliiiary) 
1),..  '  . 

,:i.l,-.llr.l 

I  (iMIIipMlllnll       l.l'«J       to'j  X  7 

I  lii-»heil    ;riiin(K>uii<l)  14    X  li 


W. 1^1,1  lr.,1..,. 


11- 


3i  >  <       '  - 

I.,  w     (,•.  X  u      '  7 ' 


'i 

1 : 
7 

10 


M  . 
I 


11  ouo 

.  vOCX) 

70,1  t  «> 


It  will  he  -1(11  that,  r\ccpt  (or  tllf  first  ittlii.  wIktc  tlif  allowaiin-  i> 
.,iIm1)Iv  t  x<  t•s^iv^■,  tlu'  KiiKth  of  the  Icakafjt:  path  is  api>r<>xunatt  Iv  pro- 


portional  to  the  maximum  line  voltage,  Iml  that  thf  vm  i.ulu  i-  uur-  asinK 
nnifh  more  rapidly.    Thus,  whilst  the  line  voltages  in.  r.asc.1  trom  xn>oo 

In  j.i.fXK),  or  about  (.  4  tiin.  tin  w(  itilit  per  in-nl,it,.i  li.i-  in.  n  .i-.  a  trom 
I  t.;  lb.  to  33  lb.,  01  about  20  tiiii. It  i>  obvi.-.i-.  ih.it  tli.  limit  111  tW* 
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■  iiriM  ti(»n  has  Im  ( n  n  ii  hcd  if  not  ovfrpas!»ecl.  4i»r  a  siiii;lf  insulator  weiphiiiL 
37,  lb.  is  sonu'thin^,'  "f  a  oionstrosity.     Muriovcr  tlu'  dithiiiltv  i>\  ni.tn 
lariurp  and  tin-  ■  o-t  art-  wrrcaMnt;  in  nnu  ii  the  >amf  ratio  a-  t\iv  wcinhi. 

\  linth.r  rxaiiunati.*  ul  tin  tablr  will  -\\i<\\  that  anntlid  tU-ctrica. 
Cdii'lii  mil  I-  liri^mni;'.  *>,■  "  nm  1\ .  t      pi.^sibiiity  ul  the  p.u.  l)etw'<-.  . 

the  line  and  the  st(H'!  hn! 
■-ii|)|)()it 111:;  tlir  in-Ill. 
l)reakiii:;  duvvn  the  inti  : 
vening  air,  which  is  an  :r 
riTpii-cd.  and  iMialli  - 
' iielt'ctriL-.  tliii,--  Ifathii^  ; 
ip.ing  HI  "  tlashin.i,'o\  i  1 
between  the  two.  Ihi 
<|uestion  nf  the  sp.'ik- 
III';    \(ilt  ,i^os    at  111!.' 
t  ilt  distances  ni  dr\  ,  ■ 
has  been  dealt  with  11 

i.    i  -iT    |iac;cs  I 
to   i,;^).      The  ixptii- 
loents    detailed  there 
were  made  under  care- 
in  My  defined  laboratory 
^•"iiditiiins.    In  practical 
I'.roblenis.   such   as  we 
are  now  considering,  the 
on<litiuns     ar-      nitii  li 
iiire    complex.  i'hii- 
humidity,  pressui 
and  temperature  of  thi- 
iir  are  all  of  importance, 
■  -lie-    tli<'    sliapc  .tii.l 
;*ds»ti(.>ti  of  the  opposed 
Irctrodes.  Atmosphere 
'  ■  tricity  al-'i  i)!a\--  it- 

I'ii;.  I. I'm- — Strv.n  '"SuhiMf.i.ion  '  Pc.Tti-lain  Insulat.o  *jMrs  ii.t-*      .ti.i    it     i  \r< .  ■ .  ,  t  . 

Ie>ic,:  .11  i-s.cx»  V.Uv  nir       OKI   II  pniiicu\i 

■ift  in-s  fail  may  start 

an  arc  whidi.  as  reinarkol  i-lsewhcn  an  tl,.  ^  ne  maintaincii  by  a 
niticli  lower  vohage  than  is  ncn ->ai y  !•  '  -vr  it.  Ihe  uims  ahc  .K' 
U'^i  11  1/.  ■.  ;//.)sli.)W  that  to  iircveiit  i,    distaare  of  thi'  oppi'-<ii 

siiif.iccs  nni-t  be  increased  more  than  tliv  s '  It age,  a  Gaodition  which  i> 
not  satJstied  bv  the  fit,'n;vs  -iiven  in  the  tab].-  Th»«  frwafflc^  given  thi-re 
,ir.'  iii,',i-iii,  d  i;i  Miir  i.i  m,.r.'  -tcps  from  t'  In  ."i;nr  d  "wet"i  u! 
•br  (lilt,  iiiin-t  bell  to  the  tipin>nlated  steel  b  ii.  i- s  m  wet  weather  tJu; 


Sr-PF.ysrox  JxsrLM  k 


whi.li-  nt  the  wft  surf.ur  <>t  thi-  Ix  ll     .it  Um-  i»>tenti.»l. 

Ur  -li.iil  t^ivc  -mhh  inu.il  rinvi"^  lati-r  (-v  \r,\w^  11.53 
itj.l  II  ;'>)  ^vlini  .It.ilum  with  "tli.v  .iff.t-. 

Suapmsion   Insulators.    Ih'-    hi!    ih  i  en 
.ulrraUtw^  h;i\.'         t..  ili.  .ih.m.iumiii  in  -i  wli.it  i- 
,,,mitime^  call.-d  tlu-  "  pm  "  tvp.'  >>f  in-iil.it..r.  ami 
,i„    Milwlitutb.n    U'V   It    -I    th.        -ii~i"-n--i..ii  '  tyiw. 
la  tlif  latter.  m-t.M>l -I  .mi.    lali;.-  iii-ul.ii..i  .i  iminbiT 
,,t  -m.ill   (H.rn-lain   iii-\il.it..i>  ;ir.'   -tnitiu  .'i 
iHtwv.  u  tin-  liiu-  win-  ami  the  -upiMirt,  .i-  -howii  ii> 
ih,'  ilhi-ti.itluns  n(  thcM    -np}X)rt-  alrradv  uivcn.  \ 
,,,,,,..,,,1  ^rv.-n  -u(h  unit-  i-  ~l...\vii  .mi  .1  Inc.r  Ma'' 
m  FiK,  1. 104.  suppmtini,'  a  -.tiaiuliil  luu'  wii<  1.  1.,  anl 
tlashinn  over  umkr  ti-t  it  .!75""»'  vi>h«. 


h  li  1.165  —/>  ^"-i*"*'"" 
lii«>iU-iti>r  (ur  IX  14  "■  .0  - 
V-'tf  Traii'*ml  ^i.>n  1  in-'. 


All  cx.un- 
;  "  ■lit  ,1  -11-5..  ;!- 
-i.iii  in-ul.it.'i 
..f  thi-  t\~|>f  in 
,1.  tiial  n-r  1^ 
!.-.V<ll    H!  Im. 

I  ifiT,  wliii  \\  1  - 
n  li.'iii  t!i.- 
ti  ,1  ll-Ull  •u 
Im,.  ..1  tl,. 
l".i~1i  III  Mil  111- 
,111  I'..u>r 
(   ,  ■  1  n  I  •     1 1  \  . 

III.    I  Mil;!!!.  t'.I 

-li..\vii,  a- 


SI  - 
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ilain|n<l   to  the   luwcrnnwt    insulator,  k 

iiitrndiil  I..  \M>ik  .It  140. ono  volts,  the 
pii-Miir  M-iil  l.\         t  (iiii|>.mv  in  iqij. 

l-iiitlni  clit.iiN  III  Mi>|H'nMon  insulators 
as  ni.uiulariurt  .l  In  tJuOliio  Brass  (  ompaiiv 
art-  ijiv.  ti  in  Fin  \  Vyfi.  which  slums  two  unit^ 
ol  th.  11  ■  I  \  |.r  I!  iii-iilatiii  ilir  liiwi  I  nnit 
iH  inK  ill  scition.    l-.aili  unit  consist^ 

ol  a  jH.rcflain  ilis*^-  d  i>.  of  the  shajH'  shown, 
haviny  a  rnitral  iMnintm:;  Imh  ami  with 
••onci'iili  K  rin|;;-.on  tjj.-  iniitt  r  Mirfa< c  ;  it  1^  in 
effect  a  shaHow  quadruplc-slu  il  insulator  of 

i-pecial  shape.  Tht-  ct  ntral  hub  is  lementt  tl 
ni.'o  a  n-ian»ablc  iron  ciip  c.  which,  at  the 

.  •  ■'ii  K-  thr  -IK  Is.  I  III  ,1  li.ill-and-MM-kct 
jonil.  Ill  tlu  central  liolc  IhIow  the  jxirce- 
iain,  tlu  rt'  is  cementetl  a  forKcd  steel  centre 
pin  1'.  which,  at  it-  lown  1  n.l,  tnnnn.ii.-  m 
the  hall  which  i-  to  m  i||,.  >,»  krt  ul 


UlMrharKes  Spreading; 
Omr  liisul«tur« 


the  insulator  ne.xt  htiuw.  Hie 
suspension  device  is  sin)|>le,  and 
(:ives  a  fairly  tlt  xihle  *  hain  ol 
iii>u!ators  which  can  Ix-  extended 
or  shrirtened  as  the  conditions 
iiiav  r(  (|iiii  r.  liai  li  di-c  is  in 
inches  in  iliametcr.  and  the  length 
<jf  the  chain  is  5  inches  per  ii»u- 
lator,  with  inoper  allowaiicr-  for 
the  eye-bolt  and  the  su>iHnsiuii 
fitment.  Thus  tlu-  fla>ii  in  Fig. 
I.Itiu  is  seen  to  he  alxjut  inches 
long  if  it  b«'  this  pattern  of  insulator 
whii  h      hcini;  um  iI 

It  will  be  nutiml  that  the 
flashes  between  the  support  and 
the  wire  in  Fig.  M()4  .m  clear  ul 
all  the  insulators  e.\cept  the  top 
one.  rhi>  is  due  to  the  horns 
projecting  from  the  clamps  of  the 
sn>pei!ded  conductor.    When  such 


liK. 


.•^trirjg  of  I::-iiIators  with  .\rcing-horns. 


Ct.iMr/.xo  THE  Sf.iPK/rPhi'  C-a/tl /  'Ai 


liorns  are  not  UM'iHlir  ,111  will  !»■  t'>iiii.l  |iiini>iM-  it..m  in>ul.>ti.i  ii.-ul.i- 
i.ir  or  sjJTfailing  "ViT  tli^  -lul.i'i'  I't  tli.        .  lain,      -Idwii  in  Iml:  i 
I  ihUt  th«~*<"  ronditioiis  tht*  inMiliUor-s  <U't<ri<>r.i»f  iimrr  rapiillv.    >»ill  nii>i«' 
, ,  .iii(>lii<'  i>i  nt.  I  1 1.  .11  ii\  til.'  iii.liv  i.lu.il  iiMii.iii.i-  1-  '.iit.iiii'il  it  .in  iiii;  linrii- 

,1  i.t.l-  an-  pic.vi.U.l  l>..tli  ttiji  ,111.1  lH.tt..iii.  .i^  sli.wii  in  I'l^  I  Uir.iii"..- 
,,t  thv  concentration  '>t  tti<'  t  Uvtrostatic  ti'  i.l  at  tli<-  tsi     -  i  '    ircinu  iim1» 

\mI1  .  ;<usc  the  rtasli-'iv.  I  t         ur  at 

,1        r  vciltat;!' than  til"  iinj.i..t.  i  tr-l 

.  h.iiii  u..iil(l  -t.in  l.  l>ui  ill.'  I'l  l'  ti'  'I 

ailv.mtaKfs   arc    hcl.l   In  c.iuntci- 

halance  this  (h«ailvantat;f, 

Midi  hin,  n!  .  '  ('■■ihlin  !■»■.   ■  M.  t  h 

.„U  liH  I  l.tinpinu  til  11. Ill'  t'T  t..  ill. 

l.iwcrinost  insulator  nt  a  ^usjm  ii«i<.n 

-tiiiii,'  ni,U'  he  imiiciil  in  iia~-ii.u 

-...iiiv  examples  will  hf  M-.  n  in  |>i.  -  *  ^  .  ,  |,.,„:, 

..■-lini;  ilhi-tr.iiion-         I'l-:-.  i  i''4  " 

1.1(15  ami  I.lOS)    -mil  <l'  tail-  ..I  an  .i.l.liti.m.il  .  \,ii.i|.l. 
i.iho.  ;n  which  ii  w.ll  he  note.l  tliaf  the  <  lampin;;  aiiati 
lui!\  '*.'    -u.-.l,       i!<,.t  winl-i  ,:ni']'nu  ili-  \\ii'  lui.tlv 


,i. 

1  III.  lit- 


ii..t 


I  IL, 

I  11 . 
.1.  nt 


tir  l  ilt  It  in  .my 
In  s<»me  cases  the 


lln-  1-  i.l.M"w>l\  '.'IN  ;iiii>..i  i.iiit. 
string'  "1  in-iil.it"i^  1m>  to  tak.  .1  h- 


i/.>nt,i!  11; 


ot  a  vertical  ikatl-weiaht  strain. 


,  1,17.1.    l^elaiis  of  <  Un»f.»ng  tiic  C  '...U.ct. 
trrti.inal  am!  huri/oivlal  >Tri:tc  Ins.. 


.1'ivin'^  .1  firm,  non-dcntiiic  grip. 

,(,.■         '■        i-mi'i.'V.  I  l"it 
carrying  tins  i)ait  ot  ilu'  riil'i  ■ 

Fhrtilnar-over.— oth 


hishii: 

1  ilUi, 


ni'.  !  i  ~tiiu 
ot  a  strins;  ot  111-uiator 


riii>  lui'iiens  wlun  111'-  I..U.1  1-  .it  il.' 

itlil   111    the   lili.-    (v,'  Vvj. 

I  i3',i,  ,111.1  II1..1'  "I 

I.  u  111  II  II  l~  11'  '  .  --.II  \  !•  • 
,inchiir  the  im.-  t.'  pi.A.nt 

'Llll^.  I'.'l-    -\\,l\  ll:;,'  ill' 
,111.1.       .\      -.ll.llll  Ih-ul.lt.ll 

.  Kiiiij.  I.  'I .  ~.iv,  i  111  '  .1-'  > 
ai.  '  n. I  tower  --li' lu n  m 
1.170,  where  1!  will  lu- 
ll..ti..  !  ill, it  ill.  wii.  1- 
yrippeil  Im  ,1  1  ..ii-i. |.  1  ,il>le 
ill-.|an.  e  between  two  pLlte^ 
l.j  il  Mrain-         ^^-,,)|    in.illl.l.  ,1    li.il!  L,."i\  .  - 

eiu  II  I  liii.;    I  lie    w  11 .       Ill'  I 
I-i.i  svi.  li  cases  siroiii.;  >|)e.  ial  iii>ulatnr^ 
..iwitler.itions  of  >pacc  preiludc  u>  troni 
t  l.iltlier. 

jMohUnis    11.-    involved    in  the 
-lu  ll  a>  1-  now  being  coii-i.tere.l. 


can  1h 


shown  troni  elepientarx-  principle^  that  the  voltage  at 


»«34 


£:.£crx  <./Ty  /y  juk  Sixnce  of  Max 


'^I'l'li      -"III-  ..!  -    mill-  Will  ll,i-|i  i-  ii,r,—,inl\  ...u.i  ll,,,ii  (/  tilli.w 

ilf  \..li.ii;c  .It  uiii.  i,  ,,ii<'  iiiMilatoi  will  il.i,-.|i  ..vcr.  tlu-  iiiMilators,  of  nmrM . 
fx  iiiR  <.|  i.l,  iiti.  ally  th.-  mhu-  pattorii.  Tliis  i>  ,|uf  to  Ih.-  fact  (i.)  tliaf  tli- 
irvsiilattti>  l.iiiii  ,1  litir  .,1  (<|Mi-.  ,i|M.  it\-  ( 1.11,1.1,-,  ,.  ,,1  >,  ii,s  l.,  i\\,',  i,  Im. 
.iiul  r.irth;  (11.)  that  111.'  ,  v,  l...|t  Mirtal  ..|  r  i,  h  liwiliali.i  lia-  alM.  an 
•  I"  '  .IIM,  itv  t..  ...utli  ;    ,111,1  (III  )  tli.it  ||„-  volta.yc  a].i)li.-tl  to  tlir 

liiic  i-  an  alt.  rnatiiiL;  ami  m.t  a  >t.  aiiy  v.-lia:;,-.    A-*  >liuwn  .  U.  uli.  1. 
\'>>1.  I..  pa,«c  70.S).  th..  rli.ir-iim  '  lun  nf  for  a  .  i.iiil.  ii>,  r  f»l  .  ap,i,  ii\  k  1- 

-.'-'KIN,        \  .). 

.vli.  if  /■  is  tli.j  lr..iii,  ii,  \  all,!  \,  \.  til,  K.M.>.  valii.  th,-  altnitat.- 
volt.ii-..  applied.    From  this  it  i,  aj-pai.  ,,!  that  when  11  aii.l  k  aiv  fix.,!, 

'l!'  Nalii,'  ..I  (V,  \._,)  uill  \,i,\ 
\wlli  (.  .\ci\v  ,111  jii-iilal"ii 
I  '  arn-  the  liiif  ha>  in  1  arrv 
'i"t  oiiK-  its  iiwM  1  li  null!- 
,  iin.  Ill,  hut  .ijsci  ih.it  ..j 
! . .'  li'  I    11    a, 111 . I  >    1.  ! « . ,  n 

!t     .1!k1    i  .iIlli.    ,111,1  th, 

'  \i  n  thiuiL;h  its  i  a|i,i(  ii\  k  Ix- 
til.'  -.nil,'  .1-  tli.i!  .i|  .ithci 
iii-ul.ti.M.s.  llic  \,ilt.iL:.  .i.iDSs 
its  (iitkilrir  will  l>"  hij^lur 
tluiii  that  (it  an  iii-ii!,it..r  lower 
.!..«  II  tile  ,  li.iiii.  I  li,'  \  ,i!tat;<: 
H  !  in  r.ini .  IIP,  ,|i|,il|\- 
tributrd  ailing  tlir  ch.iili.  aiul 
tli.'  insulator  ncari'st  the  lino 
!-  -iibn'ctcd  to  a  1  \..lt- 

a^c  stirss  than  those  nearer 
'   '  ■    ii    Hi    aiii  th.  p  I..1,-  tlasli  over  s.xjniT.  with  the  consequence  that 
I'l.  uliulc  ,  haiii  breaks  down. 

riio  matheinat!  ,il  calculation  of  tli.'  ,ii-ti ibnt i, .11  ui  \,.l(.ii;,'  ,.n  tin- 
-ii  iiiLr  ..f  iiMil  .simple  if  ,,  , , .na!,!,-  as~iiiiiiiti..ii  be  niaile 

Is  to  ihe  lati..  1  ill.  tvMi  capacities  retened  to  above,  i.e.  the  capacity 
.•I  lh<  insiilat..r  and  t!  .ij.acitv  of  the  eye-lx.lt.  On  the  as^niiiption 
lli.it  ti.i-  i.iti.>  in  .1  L.  II  ..Is,-  was  3,1;  I.  til-  V  uive  ill  I-'ii.;.  i.i-i  L:i\es 
tiie  ■.  -ulr  oi  th,'  I  ,il,  III, 111, .11  i,,r  stniiys  ,,1  in,ii[.it,irs  consisting  ui  ironi 
I  to  In  elements,  and  the  ,  losses  ^ive  the  actual  valuta  of  the  llashing- 
..\er  \-ollaL:.   ,1-  ,  1.  ten  :  1 1  .  . I  l)\-  .  xp.  rini.  iit .  .  nwv  j-  ,,|  .,,-\it.i| 

"i>  'I'i-  ->i 'I"  t  piiMi-b-d  l.\  Mr.  1-.  \V.  I'e.  k.  Junior.  o|  th.  ijciu  ral 
1-1"  ill'  '  Mi,p.in\  ..1  ■s  I.,  n,',  t.i.ly.  in  ihe  i.,  :hr,il  i.Uclnc  Kctiiu:  It 
will  be  noticed  dial  a  .s|.,;;li'  insulator  of  the  set  tlash.'d  over  at  C)j,uoo 
Volts,  but  that  a  string  oi  sevi'n  flashed  over  at  350,0, -o  volts,  which  is 


•'3'' 


,  li  |( —  I  h  ill  i<    "  »• 


(JI    111.    I  li<  ..J.  !!■  .ll  '  111  \  •  -  I  li  il 

-itmi;  •>•  I'  H  >"ui>  il.i-li.  a       1  ..t  .ilM.iit  4»".'"'"       -  "'' 

of  the  auK-rin.-nt  U-Uvt-.-n  .  ill.  iil.it mh  .iml  .  \)«Tiiin  ni  iii.li.  .tt- - 
;  ,t  tl).  .i"iiniplinii  ni.i.!'  I"i  III'  t.'""  "I  '  ■'!•  '■      "  '■''''l^' 

III.-  iiillu.ii"-  "I  tli.  -Ii.ii"  ..1  iIm  in-ui..t..,  -  ..1.  th.  ll.  ll  ..V.  r  v..|t.iL;.- t- 
,vvn  !»v  Mr.  I'.vk  iM  I'l-  i  17J  ipmii  ...  tu  ,1  !•  i  Ih.  li  ,]..  ,..!.■!  i ■  1..!  in  ■ 
/,  -  .ll.'  -In.wii  111-  t  111  til-'  'iLimani.  .iii.l  11  will  1"  ii"n.  -  .1  tli.ii  ili'  ll.l^lll^ti 


li.r  .1  -iiicii'  iM'iil.it.ir  i- 
!..l    No,  .■.  ,lh.l  kil' 
.         Win  11.  li.'W.A'i.  ' 


.HH>i.'Miii  i''  h-  <'S  kil.'v.'lt-  l"t  N"  ' 


•  .  I    V.>l!  It,-' 

^  iulii\"n 
..li>  t.ir  N 

i.'iit  ntmib>'i  i^  -iiuiik  t<>i;.  tii.  i 
Mill;.;  "I     ii'tii-  "1  N"  1  l.'iiii'l 
•.    -i.iiiil  .1  liiuli'  1   M'li.ii:.-  til. Ill  .1 
MiiiUir  Mrin«  <>l  N"-  -•  ''H'' 
t  i|  iiiiii-  N"    I  -t.iii.U  Infill  -t  .'t 
n       1  111-  .  Imu^i'  "I    the  r.'i;itiv.' 
,-,ti,,u  1-  .In.  t..  ll,    !"-tt.T  iU>mii 
.\.>.  I  tdi  ^liiiii;  l.,.l.iiu>'. 
At  th<'  top  ol  til-  ili.i!.'i-iiii 

;  ,  ■      I.I-J    .1!  r    1  111.  .     ..til-  1    •  111  \  . 

.  !\  1111;  wh.it    1-  .      .1  th.    ■  -lull. 
.  ttu       y."  vv  ii"  ll  i~ 

:>! .  II!,  .  III.  1.  11.  \ 
li.i-h-ov.i  \..lt.ic.'  ol  imii- 
■  tlnJlUsh-oviT  voltaKfol  .'"I  111'"- 

riio  t-urvfs  show  thf  cal.  ul.il.  .1,  aii.l 

ih,'  i.l.iii,a  ["lint-,  tli-  I. -I.  '  iti 
,iciuu>.  111.'  ai^itriiuut  i>  1"  1'" 
N.i.  2;  all  tlie  curvi's,  lio\\<\.r.  an 
,1;  I.  li.iMc  tor  a  -niiiL;  of  2  units,  hut 

;,,irly  icliablc  1.11      ..i  uion'  uiiit>.  ;  ■  '^-^ 

This  uiiKht  bo  ixi>..t.il  iion:  t'l.     ^  '' 

a-umptions  nia.k' l.H  ih..' caUulatioii.  a-  ili-  ...no  tiu  -  oi  ui.  -  a-.ni.p 
•i,.ii-  affect  short  Miintrs  morr  than  lone  >tniiu-     It  i>  lut-  i. -im.^'  to  „ot, 

,l,;u  l.ir  a  >tiiim   N-   .  -vi"  11  1-  1:1  .  Iti.U'.Ky  h-l-.w  ?•  l"t  «''»t.. 

whiNt  tho  crhcu.mv  ul  N...  1  Mr  7  """^  ^-  r>''' . 

From  the  cU-sign  of  the  m-iili:..i-  it  u-.M  I..   .ni....  '1  'iini"-' 
niiii  woul.l  in.na-,'  tl,.'  t.ii.l.iuy  to  lla-li  aii.l  .xiHi.in.  iii  .ouliim- 

,l„s  vu'sv.  111.'  i.  -uh-  an.  sliowu  .n  Fi..  ...7;.  1-r  a  mil  .■  unit  th. 
rain  low.is  tlu;  lla,li-.,v.T  volta,:;.-  Uoin  ;.S  lo  1.  •  than  ■  kil..v..it-;  !.., 
S  units  the  arop  is  tnun  .75  to  200  k.lovolt-.  i-.xtiai..lal.o.i  .u.al.i 
iCm  to  indicate  that  the  euiv.s  would  cross  at  alnnit  u  units,  but  the 
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experiments  were  not  carried  beyond  0  units.    A  string  efficiency  nn  vt 
is  also  f»iveii. 

High-voltag'e  "Corona"  Dischargres.— Hh  diffimltits  of  insulation 

at  the  supports  and  the  losses  coiist  (iui.iit  upon  these  ditti*  ulties  not  being; 
completely  overcome  are  not  the  only  points  which  differentiate  the  condi- 
tions of  wui  kiiiK  at  .  xtra  high  voltages  from  those  obtaining  at  lower  though 
still  hiMh  v()liaf;e>  ot,  -  ay,  40.000  volts  and  under.  The  most  important  of 
the  new  data,  next  to  insulation  at  tln  -ni.iHU  ts.  ar.  tlic  losses  intnidiirrd  hv 
what  is  now  known  as  the  "corona"  phenonunon.  which  is  only  our  old 
friend  the  "  brush,  or  glow,  discharge."  which  has  been  known  to  experi- 
menters in  eleetrosatics  from  quite  early  da.s.  and  is  now  of  importance  to 

i  iii^inct  Is  because  of  tlu' 

'00    ^00,  I  1  I  I  I  I  f  I  I  I  I  [  I  1  I  [  7  I  I  1  I  I  II  I  I  ,  11 

I  lu-rgy  lo>sfs  involved. 
Kelt  rences  will  be  fouml 
to  it  in  Vol.  1.,  at  pages 
Sj.  7"I.   ^iii'l  >'l^'  " 

wlieif. which  an  woith  i<  - 
reading  in  this  connection. 
For  our  present  pur- 
the  "  corona  "  t  ifect 
may  be  hrirlly  dr^i  iibed 
as  follows.  If  two  parallel 
and  insulated  wires  be  sus- 
pended near  one  .motlur 
in  dr>  air  ard  coniieeted 
respectively  to  the  ter- 
minals of  a  source  from 
which  hi,i,'li-V()kai.;e  alter- 
nate current-^  <  .iii  Ik- 
obtained  then,  as  the 
voltag.'  1-  Ki-'Uluallv  raise<i.  and  luiif,'  before  the  sparks  pass  which  are 
referred  to  on  pam  s  d  .sn/.  of  Vol.  I.,  liie  wires  become  luniinou>  lu 
llie  .lark,  and  the  luminosity  increases  in  brightness  and  spread-  out 
lariher  In.in  the  viies  untifsparks  begin  to  pass.  The  passage  of  the 
sparks  is  indicative  of  the  breaking  down  or  smasliin  oi  the  <lielectn. 
and  the  passage  of  a  current  of  electricit\-,  but  the  ahove-iuenlione.l 
earlier  effects  also  indicate  a  discharge  current  due  to  the  ionisation  and 
repuNiou  of  the  .lir  particles  in  llu'  neighbourhood  of  the  wire. 

Hie  phenomena  were  investigated  Ironi  an  engineering  standix)int 
by  .Mr.  C.  F.  Seott  as  early  as  i8c»8»  in  some  experiments  wlii.li  he 
ma(l(  at  liast  I'ittsburg  on  lines  a  little  over  I.ooo  feet  long,  earned 
on  insulators,  and  some  very  interesting  results  were  obtained.  During 

•  Spe  fiairn.i!  ef  tkt  AiKruen  InsHhitiv*  of  FMrual  Ensinttrs,  Vol.  XV„  i8»8. 
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the  last  fcAV  v>.a-.  owmik  t..  the  hitrh-voltaKc  transmissions  we  are 
now  consieU-rinR,  tl>-  -uhj..  t  h...  .>ttr...t,,l  a  .tv,,t  oi  .at.nt...„ 

and  numerous  experimt-nts  have  Ik.u  nu.l..  Loth  ui  th.  h.l....,.t..i v  .m<l 
„n  actual  transnussion  lines.  confirminK  an.l  extendmR  Mr.  ^clt  i.Milt>. 

ri„:  ,.u  t.      ,  itained  arc  both  impirtant  and  comple.x.  and  will  now  be 

liiKllv  diM.iil)c'd. 

The  most  im{xirtant  information  r.  ,|uir.  .l  Lv  the  iiiL;inr.  r  i-  x<,ii- 
•,1:,  ,  at  win.  li  thr  .  ..rona  losses  Knin  to  b.'  of  enKm.rrniK  iiniH.i  tan.  o 
under  tlie  vaimus  omditions  ..btainint;  in  practice,  together  with  data 
regarding  the  actual  l.>-.-  at  tlu^-  an,l  hu  :  vultay.-.  1  h.-  .v>n!t.  of 
numerous  expt-riments  arc  given  in  cur  v.,  .iniilai  t  o  t  l.oM- shown  ,M  1- 1;:  1 .  1 74. 

in  which  the  pressures  used  for  the 
tests  arc  pl.itt.-d  liori/ontally,  aii<l 
the  losses  in  kilowatts  p.r  kilonittir 
arc  plotted  vertically.  The  four 
,MirV(  s  arc  for  foui  different  distar.n  s 
apart  of  the  wins,  iianu'ly,  5"' 
125.  and  175  cms.  n  spivtively.  1  h<- 
curves  are  all  of  the  >anu'  general 
type,  and  show  that  at  low  voltages 

the  losses  arc  inappreeiaMe,  at  limlin 

voltages  tliey  rise  s,,nu\\iiat  -lowlv 

with   the   increase  of   voltaue,  Init 

that  alter  a  eertain  voltage  has  l»  i  n 

pa>Md  the  lo^sis  rise  v.ry  rapi.llv 

indeed  for  further  iiierra-.-  o;  voli 

ai,;e.    Thus  on  the  50  c;u>.  (.io  m.\ 

curve  tlie  loss  is  practically  inapprc 

,  i.lhle  li.  low  volts 
Oo.ooo   to   i).>.'"ii   Nolt>  pre 


1 

^  I- 1  ■  1 

-  '  '  i  ■-• 
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rises  somewhat  slowlv  up  to  I  kilowatt  per  k.lonu  tre.  aiul  hevond  .,0  ,  0,, 

volt^  the  ri-e  b, .  ,  ,„ies  verv  rapid,  so  much  so  that  between  loo.   and 

  volt^  It  Hi.reas.'s  irom  4-2  to  8-o  kilowatts  per  kih.nutrc  and 

,-euhe^  i.s  kil<.watt^  at  i;o,<'.o  volt..  The  niLr  ,urves  are  smiilar.  the 
dilierence  being  that  the  pre^MUvs  ma.k.rt,  the  linee  stages  are  higher 

The  ette.  t  of  increase  rtf  di-taiice,  however.  IS  not  very  marked.  I  hu> 
•I  h,.,  ot  kiloNvatts  p.  I  kiloiu.T-  Pa.h.  d  at  I02.0..0  VoUs  with  the 
wires  50  cms.  apart,  whe..a>  u  t  .  .l,-t,,n.  ■  1-  doubled  the  same  l<.ss  occurs 
at  114000  volts,  an  increase  of  only  12  per  cent. 

Til,'  ibov.  .Apeiiments  were  made  with  s.A-en-slrand  cables  ..t  42  -<|. 
nun    -M  tional  aii  a,  the  o.lta  -.e  m  m"' 11.  v  b.'ing  50        a"fl  the  results 
have  been  reduced  to      a.^vAmA  iMtonMM.   pre-Mne  01  7^0  mm.  an-l  ,1 
Standard  temiH^rature  of  17         The^e  cundil.ons  should  be  noted,  lor 
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experiments  wen-  not  carried  Ix-yond  0  units.    A  string  ethcit  ncy  cm  v, 
is  also  given. 

High-voltn     "Corona"  Discharg-es.— Tlie  dittuultir>  oi  insulation 

at  the  suppoit-  .nd  the  lo»es  conM(|nent  upon  thoe  dilhi  uhies  not  heilii,' 
coinpletely  overcome  are  not  the  only  point-  whirh  dillen  ntiate  the  eondi- 
lioii-  ot  wnrkin.i;  at  i  xtra  lii^;h  voltages  from  those  obtaining  at  lower  though 
-till  in.yh  vi)ltaj;es  of,  >av,  40,000  volts  and  under.  The  most  important  of 
the  new  data,  next  to  iuMilation  at  ilie  suiipoit-.  are  the  looses  inlrodn.  .  d  l.\ 
what  is  now  known  as  the  "  corona  "  phenonu  non.  wliieli  i>  only  our  ol.l 
frien<l  the  "  brush,  or  glow,  discharge."  whidi  has  btn-n  known  to  experi- 
menters in  elect rosatics  from  <iuite  early  <lays.  and  is  now  of  importance  to 

illi^imers  becaU'-e  ol  ill' 
energy  lo— .t  -  in\ol\'  'l. 
Ketereliees  will  bi-  lolllld 
to  it  in  \'ol.  1..  at  pai;e- 
Sj.  I  ',1.  70T,  ,111'!  i  l-'  ^ 
w  iien  .  which  are  woi  ili  ri  - 
reathng  in  thi>  connection. 

l"(i!  oiir  jire-ent  pui- 
po-r  ih''  "  '  iirona  "  elln  t 
may  i'e  biietly  des<  ril>e'! 
as  follows.  If  two  parallel 
and  insulated  wires  be  sus- 
p' iided  ni  ar  mi'-  .iiioili.  r 
in  dr\  air  and  i  oiiuei  ir.l 
re*jwtively  to  the  ter- 
inin.il-  0!  .1  source  from 
wiiii  h  hi^h-volt.^''  alter- 
nati'  I  urn  Ills  ran  be 
oblaiiii'd  then,  a^  the 
voltage  IS  i:radnallv  laisrd.  and  loii^  l>ri'.iv  the  spark>  pass  which  are 
referred  to  on  pau.  s  ,/  .sc,/.  of  Vol.  1..  tiie  wires  become  luminous  in 
the  dark,  au'l  the  hui.inosity  increases  in  brightness  and  spreads  out 
lartiier  lioin  the  wins  until'sparks  b<'gin  to  pass.  The  passage  of  the 
sparks  is  indicative  ,'l  the  breaking  .Io\mi  or  snuishint;  ot  the  dirlectrr 
and  the  passage  ot  a  current  ol  electricity,  Imt  the  abovc-menlione.l 
earlier  effects  also  indicate  a  discharge  current  due  to  the  ionisation  and 
repulsion  ot  the  air  paitichs  in  the  nei^hbuurliood  of  the  wire. 

Hie  i.henomeiia  wer.'  investigated  liuni  an  engineering  standpoint 
by  Mr.  t".  F.  Scott  as  early  as  i8c)8»  in  some  experiments  which  he 
mad''  .It  luist  Pittsburg  on  lines  a  little  over  I.ooo  feet  long,  carried 
on  msuhitors.  and  some  v  ery  interest  nig  results  were  obtained.  During 

•  See  JoHtHu!  ol  l>>4  .4m,rU,ui  Inmtuiian  of  Ekdni  :1  F.»ii>Kfr<,  Vol.  XV„  1858. 
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the  ia.l    IcAv  Vf...s,  ovviuK   t..   th.-  hiul.-vultai^.-  transn„>.|..n.  w.-  ;ire 
now  o.nsia.  rinp.  th.-  M.h,-.  t  h..^  at,.,.,  M  ..  ...  ,,t  .1.  ,.!  o,  ....  ........ 

and  nutmT..us  .xprmunts  l.av.  ...a,l,  .  b.-th  ...  tl,.-  lal..>.a,..v  an.l 

on  actual  tia..-n.is-ion  lim-s.  lontirn.inn  an.l  .  xtcn.hn;;  M.'.  i.^ilt-.. 
The  la.t-  a-...tai..ia  arc  U>th  important  an.l  complex,  an.l  will  ii"W  1>'- 

brii-flv  iK>c..bcil.  ,1 

The  ni..st  imjx.rtant  inf.....i..ii-n  ..,,„ii,,l  Lv  tl..  .  .ii;......  h  ^<^A 

,.T.   It  %vlii.  li  th.'  c.rona  !.»>.>  l>>mii  t..  I..'  .-1  .  iiKn.c.'i in;;  impu. la...  .• 

nnd.  r  th.'  x  ai  i'.,..  .  ..„.liti..ns  ohtaini..-  in  prartio-.  toucth.  r  with  .lata 

rct:ar*UnH  the  a.tnal  1.  .t  ,h.~.   an.l  h.Ji.  .  N..h,.u.^.  "t 

,i,m...'roiisex{HTin.emsai.'K<v.n...c.nv,,Mnnla.  ...  th..M- 
in  whi.  h  the  pr.'-*iiie>i  nse.l  lor  tl..' 
t,st>   ai.-   pl..tt..l   h.iii/... .tally,  aii.l 
thi'  lu-o  111  ki!..\v.»tt>  p.r  kiluni.ti- 
are    plotted    vertirallv.     The  foin 
,1..'  tu.  i..ni  .'.iff.'i-.'iit  distan.fs 
apart  of  th.  '.m..  -.  nai.ulv.  5".  i' "■ 
l.'5.  and  175  .  HI-.     -!■'  'i^' 
cniv<-  ar.'  all  ol   th.-  -uik'  i^-n.ial 
type,  and  -how  that  at  low  voltai.'. - 
th.'  l.'>'<-s  ai.;  i.i.ippr.  .  iaM.\  at  hiulc  ' 
voltages  they  1  i-"      .11. a\ li.it 
with   the   increase  ol    \.'h,iL;e.  Init 
that  .lit.  I-  .1  (  iit.un  voltage  has  b.-  n 
IM^-.l  ih.-  los-.s  riM-  v.-iv  laiii.llv 
indeed  for  Inrth.  i  iti'  I'  a-.  -  of  v<.lt 
M-.'.    Thus  on  th.-  .5.)  cin>.  (2o  in  > 
c.n\.-  the  lo>s  is  praetieally  inappi 

.ial.l.-    1..1-.W  inmi         ,  ^  .  .^^  _  

I,      ,  ...  it  I  iv.  ,k.-.i.!  c.ii.l.  ^  .a  Oiirfif  I  l'.-i.T> 

(,u.,,oo  to       ..         r" "  ,  ,  , 

,i.,.s  .oni.  wh.it  >lowlv  np  to  1  kilowatt  p..  kilonu'tr.-.  an.l  l- a-.^.I      '  '■<> 

vults  the  ri-.'  b.v...n.  -^  verv  rapi.l,  s.>  inn.  h  so  that  b.'iue.n  i.  ...  u.-l 

II.,.....,  volt-^  it  in.r.avs  tr<.ni  4-2  i"  .v,,  kilowatts  p.-r  kil..ni.tr.-.  ...i.l 
retches  l,s  kilc.watt-  ,U    I,',.'.--"  ^  "i' -      '  1'"  ' ^ '"'■  ' 

.lilLTcn..'  hviui:  th.il  th.-  p..-ur.>  ina.k...^  ih.-  thu-.-         ^  ....  In.!,'  .. 

Th.-  -  He.  t  of  in.  rea>e  <-.f  di-taii.  h..w.A'.  r.  is  not  very  n.a.k.  ■!  1  Im- 
I  1,,--  ,,1  5  ki!..xv..tts  p.'r  kil.M...-,..  na.  h.-.l  at  I..J.0..0  volt>  vMth  tli.- 
wire=  5..  cm^.  apa.t.  wh.  n  a-  .1  lb'  .11^,,..-  b.  -lonbl.-.l  th.'  -an,.-  l..-s  o.  cnrs 
at  114.  >  volt-,  an  increa>e  of  onK  i  _•  p..  ..nt. 

I  h.  ..b..\.  .  xperinients  wer<  ni.i.l.-  \mi1i  s.  v.  ii-,tran.l  cab!         4.'  -j. 
„a,i      .  ....lull  a.,  a.  tl..-  v..!ta-.'  fn-,|n.  11,  v  In  ini;       rv,.  an-l  th.-  n-snlts 

hav.'  b-.  u  ..  .IM.  .  .!  t..  a  -.an.!  .,  !  b.u . .,u.  , . ,.   p..-n..  ..1  r."  n.....  .....1  a 

stan.lar.l  ..  ...p.-.atu.e  ..1  17    »  .     H'e-e  .  ..nd.ti.....  -''....M  b.-  t.ott.l,  lor 
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a  variation  in  any  one  ol  them  will  alter  tlio  ( nrona  '  --'  s.  as  we  shall  soo 
imsmllv. 

It  will  1)0.  liiiwfver.  intiT<'--tini;  tirst  to  i()n)i>arc  tli-'  al'o\t  e.\ i"  rinuut? 
made  in  the  laboratory  with  n  sults  ohtaiiu'd  from  tests  on  an  actual  trans- 
mit-!.m  line  .1^  L;i\en  ir.  I'i^j.  1. 173.  in  wlii'li  the  ni.iikeil  piiiiit>  uive  tlie 
eoiona  lo>^e>  a>  nie.i-ure.i  ii\  1  i  iie.ints  nn  .1  line  ii  '.  s  iiiih  s  luni,'  -uii- 
plied  with  three  pli.i-''  (nii.1,1-.  The  line  was  •  a  liii,'li  .iltitnMe  m  the 
mountain^,  as  eviil'  iie..!  1>\  tin   iMinmi  trie  jiressiirc.  wliieli  \va>  only  ^.J-N 

iiieiies  ;  the  wires  were  eaeh 
.  ■■  iiii  li  i:i  ili.mii  ter  ,11^1 
weie  sj>ai  e.l  tii.iii,i;u!ai  ly  IJ4 
inches  (over  10  feet)  apart  : 
the  tenip'i  atnii-  wlnn  tlh 
lApi  i  inii  111  ^  Well    iii;el(  u.i- 

v. 

The  smooth  curve  in  i-ig. 
1. 175   i'-   <  alctilated    ircmi  a 

I'll  iiiiiI.L  \\ '  -I  k'  1  I  "It  liy  Mi  . 
I-.  W.  IV' k,  Junior,  as  em- 
hodyini,'  the  results  of  inmier- 
"iis  exjit  rinviits,  in  which 
ihi'  attempt  is  made  to  allow 
'iir  the  variatinti  of  the  chief 
londitions  which  experiment 
has  shown  to  influence  the 
1  I  iX'  Mia  h  i-ic-.  all'  1  I  he  .e_:i  t  e- 
Uieul  ol  the  curve'  with  the 
experimental  iioints  is  a  test 
ol  the  k\k  ^ire  Ol  a'  curacy  ot  tllr 
toniiul.L    As  this  auieemeiit 
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lui\M  !  lo-i  in  kilowatts  per  kilometre. 
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3-" 


l>,U"ni''!i;.   pr.-~U!e  in  inches  of  mercury, 
"=  temperature  in  ("., 

fre'juency  in  cvdes  per  second, 
r.idiu-  o!  wire  in  cm-., 
ili~iance  .ip.irt  ot  win  -  in  1  in-.. 

applied  -in. -w.ixe  \Mh,iu.  l"  i-  u;:,il  in  kilowatt- 
-  critical  dl^ruptlve  voltage  to  neutral  in  kiiovuhs. 
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...nation  w  for  (air-wvuth-r  . -maition..     l  !..•  1..-  -t,.,n.  Inuh- 

„„1 .  an  1.C  approximat.-ly  Umnd  by  taking  .•„  as      ui  th-     f..  tan -^vatlur 

conditions.  ,    ,n\,-;  ot 

The  influeno.  of  poriodintv      .M-ra..lv  ^h'-^"  '1" 
,.i  .  I  i-r,  one  of  thos.-  curv.-s  b.-.nu  tor  a  i.mo.lu  .ty      S  ,  .m.!  tl.  ...t 
f,;  4;  .'v-'l.-.  r-r  s..-o,i.l.    m  tin.  diacram.  also.  a.  in  th-  ..-t  -n.  tl,.- 
Mn.«.th  curve  is  raknlat,.!  fron,  tb-  abovo  lormula.  an.l  tb.  ..M.h,  <.t 
fxpcrinvnts  arc  shown  bv  th.-    '"r  r  t  j 
plotted  points.    }hn\  acair.  th.-       f    \  t 
yc;rf  omont  is  fairlv  <  l"-'-'.  but  n  •' 
ijuiti"    so    niarkid    .is  in 
1.175.    TIk'  infliuncf  of  5Mn.>.l- 
i,  itv  at  vnv  bi-h  vn!ta-.'s     v.  iv 

marked,     lliu-  at   '  v..b. 

tlu'oiv  sluws  a!i   in.  ri  a-  '.:.'ni 
is  T  to  _'4.n  kiiov  tis  i»  r  ni.i' 
111  .hr  Kirona  loss,  whilst  tin- 
pcnnu'ii.-  at  tlii-  p.irii.  ul  iv  v!'- 
aue  ^ivf  till'  incria-r  .1-  l."ni 

170.  to    ^5-7    kilowatts   |..r  a 

,  liaiiu  ■  '.1  piTi<..!i.  itv  m  .  a.  h  <  as<- 

irom  4,',  to  ^.1  <  \-.  I'-s  p.  I  oiid. 

TliL'  tests  were  niadu  wi.ii  -1.  - 

phase  currents  between  two  wu.  - 

,.■,11,4  inch  in  di.inieter  and  4S 

inches  apan. 

The  effect  ol  some-  ol  the  .>tti'  i 

variables  on  what  is  specitied  a- 

the  "  b.".;iiit'.i.iL;  of  C'.rona  voh-  . 
a.e"  IS  shown  m  bi     1.177.  phrase  is  tisod  to  denote  the  t»M  fai.it 

appearance  of  a  corona  e,,,.,  t  ,n  th.-  d  ak.  and  .b...:!.  ''n'— -'^ 
what  vague,  the  curves  are  :cn,  .ly  o.n,parable  vMt  .  one    u:.„h.  .  an 
are  very  interesting.    The  absci-- e   or  horuontal    ordinat.  -   ,n  the 
aianieters  of  the  n.nductoi  s  in  i.u  h.  .  .r..n,  0.225  t"       -.eh.     I  h-  ouves 
slooing  upward  t,.  the  i.d.t  show  how  tl,e  increase  of  tb- 
rises  with  *'.e  increase  in  the  diameter  ot   the  uip 
,he"dnn.nnti,.n  01  the  mrvature.  a  factor  winch,  as  vs.-  have  .houn  •  Ur- 
whore  inv  \ol.  1„  pag..  a  p,.donnnat.ng  one  ,n  the  eleeir.c 

stress  in  the  dielectric  in  the  ne..hl>.  -.h.....!  of  ,t  ,har...l  c.ndn.f.r.  and 
theref.re  bc.rs  materially  on  th.-  .iue..ti..ns  connect^  u.th  .he  lailurc 
.,.,vn  of  the  dielectric.    From  this  point  ot  view,  it  would 
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have  bwn  interesting  to  have  had  the  curves  ranml  down  tn  Miialler 
diameters,  ns  the  stress  on  the  diehefric  rises  r,ii>i(lly  below  about  halt 

the  lowest  dia- 
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eonies  visible. 
This  c  u  r  V  e 
shows  how 
rai)idly  the 
stress  rises  as 
the  wire  he- 
I  i>nii  -  Mnaller, 
and  .dMi  >li(i\\s 
that  the  di- 
eltctric  air  is 
ii  ^  p  ti  r  (•  I!  I !  y 


neighhouih.'o.l  nt  tine  wires  than  m  ar  larger  one-.  CouMdt  ration-  "t 
space  imbid  us  to  carry  tlii-  v.  ■  v  intrr.-f ini;  part  <A  the  snbjrrt  faith- r. 

Keturnin.u  to  l-ii;.  1.177. 
the  single  curve  cros>iiit;  tlu-  ac- 
others  is  the  altitude  correc- 
tion    curve,     Its     .-rail-  lit 
abscissx  being  marked  brlow 
the  diameters,  and  its  scale  ^'f 
of  ordiiiatr^.  Iroiu  i  on  down-  ^ 
wards,  on  thr  ii^lildiaiul  .-ide.  ^ 
This  curve,  for  any  specitied 
altitude,    gives   a  reducing 
correcting  factor,  by  which 
the  voltagts  in  tlie  li  ltdiand 
scale  must    l)e   reduced  to 


/  t  1  4  J  e  T  t  t  le  II  It  13 1*  I.)  It  I  Til  iHf 
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obtai.,  ti..  vni.au..  ,.t  whirl,  vMi.ir  ...run.,  o.nun...... 


nmsf  »w  iinillil'lii 'I  t'V  I  T''.  il  i  i.ron;» 

The  conmrt.-.n  l.Hw,  ,  n  tt„-  n..^l.,n.  ov.  r  ^jurk  a.vl  tl.r  x,Mul  ;..ro,u 

ri  .  \  170.  m  wliu  h  th-'  .l-'  in.   i.r-  ^''"V 


1  ui\r^  in  I'!  '  1  I7'"> 
the  j>ii.  iioiiii  11  1  .ii"!"''"" 


|.v  til''  two 
It-  .il  svhiili 


,,l,.tt.Mi  acaiiist  tlu-  ai^t.m.-.-  ap.iit  m  th.-  xmi-"^ 


tl, 


,  1  v. I 


tioiis  liavf  b««"n   corriNtKl  ti 
staiKlar.l  prtssurt-  (;('.  cms.)  and  | 
tl)  .1  tt  iiiiHTatnr   <>1  ' 
the  ilo>or  i'".  ; 
passes  bffoT 
appi  ai    ill"'  <  ' 
bi'^iiinini^  a'  5'  •  "  ■' 
the  wins   al   ab.  ui 
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apart.  From  that  p"int  .>ii- 
war.ls  the  spark  voltane  risi's 
lapi.Uv  al..nt;  a  strai-ht  linr 
with  tho  nsf  <>(  the  vnltai;.  , 
ami  reaches  i.vi.iX'O  vi.lt-  at 
■,=i  nn-  i!i-l.iiuf  apart  of  the 
wires.  1  he  I  urv.'  for  th.-  .  ornna 
rises  niueh  nioic  -lnwlv.  aivl 
at   (Ml   eins    >taiul^   .it  :2^''<' 

vol,.      Thus,    for    win  s    el.,--e  ^^^^^       ,  ^ 

together  the  r^'-'^"  -  "'^  '  ,  '  u>r  ureat.r  .listanees 

exceeded  the  elast.e  h„u.        -1"        l"''  ; 

the  rorona  is  the  lir>t  -vidr,,.  e  ..t  .  _ 

.,„„u.  to  !„.  wh,n  th,-  d,-tame  ap.ut  ol  ,h,-  lu.;  pa.alhl  uu- 

,h.U  ,u  Mrr  than  about  thirtv  ti,..s  ^'''''V  "'""^^  ,„  ,.. 

VrUage  Limitations.  for' h..i^ 

,vha.  taetor  will  hx  tlu-  hunt  to  w^,..  a  n. 

with  the  voltages  ot  {-n  th'  i' 


/C/      w      Ji^  —  — 


-I  n.-.  I 


.1  --p.. 


lue  to  the  eorona.  (M  the  .hitirtilties  of 
;;;;;,-:.llinu  the  .-har^in.  currents  an,l  ,r.uw.  nt 

of  the  transmission  system  trom  tin  siep 
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station  to  tin  puiiit  at  which,  by  ttep-(U)\\n  civvicts,  more  manageable 
vdtages  are  reached  at  the  distribution  end. 

IV.— rSDKRCROrND  C.\BtES 

We  p.i--  11. .\v  t"  ill'-  "iln  r  i;rii(!,tl  mctli'td   'm.  i     i)  "l  tr.m— 

mittiiiu  .mil  (lwtrlmtin«  iln  tiii-  jH  Wd.  n.iip..  h  .  !'\  m.  .lU-  i.|  )iM'i)<  ily 
insulated  CMmhtctnr>  hiid  undiigrouiul ;  I'  li  I  .  I'  l'  ili.ilinK  with  thf 
detail-  >>i  till'  l.iNing  of  conducti.rs  »<>  in>ul.itiil  it  will  1k'  i-oiivtim-nt  to 
devutc  a  M  paratf  >;('cti<in  to  thr  ccnsidcrntinn  (if  the  r.d)l('>-  which  have 
been  found  u-cftd  f<'r  flic  witl' l\-  <litii  nut  r.i-t  -  niuiiiiif^  in  ]ir.iitii>'. 
These  cables  consi>t  <>f  I'lic  nr  iii.  if  C(ij>ii<r  conductor-,  iii-uLittd  with 
suitable  materials,  assembled  togetlu  r  to  make  a  sinple  rope  or  cable  and 
protected  by  various  cox  i  riii.c*.  in-ul.itiiiL'.  ii>'ii-in-iil.itiiiu,  ,ind  metallic, 
from  injurv  which  may  l>e  c.nised  by  the  comliti.  ii-  .uul  the  environimnt 
under  which  they  will  be  used. 

The  cable  consists  t^f  the  cuiului  tor  with  its 
in-nl.itiiiK  slie.tth,  technically  known  a-  the  "  core," 
of  wiluil  there  in.u-  be  one  or  more  ia  .m\-  f^iveii 
c.ible.  Ill  "  inulticore  "  cabli  s  tlie  buticl:  d  cores 
are  usually  surrounded,  as  a  whole,  by  a  further 
ii!-nl;itint;  .-heath  (plltside  wliiili  tliere  ,iie  one  or 
111.  ire  ]ir<it(  •  tin;;  iavcr^  of  Ii1moii>  iii.itt-ri.'.l-.  -ui  li 
a-  jute,  hemp.  etc..  .111(1  a  continuous  metallic  shield 
made  of  lead,  and,  liiially.  when  necessary,  heavy 
steel  armourinp  The  numlnr  of  protecting  layers 
.111(1  their  cor  'siti(in  have  special  regard  to  the 
circumstances  under  which  the  cable  is  to  be  used. 

The  Coi^. — The  single  or  stranded  coiidmiora  which,  xcith  an  insttlatin'^ 
shiiifli.  form  the  (cre.  lia\-e  .ihe.tilv  '  ■  rn  de-cribed  ji.iyes  llol  to 

1103.  tiiiti  .  i  he  eondnctor  m  nnilei  i^r.  .iiiid  cable>  is  ahiio>t  inv.iriably 
ni.ide  of  ci'ppir  anniMled  and  (piitt  -ott  ;  it  has  a  higher  electrical  conduc- 
tivity, and  i-  more  pli.ible  tii.iii  h.ml-dr.iwn  cojiper.  Aluminium  is  not 
much  used,  bee,ui-e  its  incre.t-ed  cro>--MCtion  for  a  given  conductivity 
per  unit  length  tn  .  e--it.ites  a  i.irgir  in-ulatiiiu  ^h^  .llll,  wliu  li  i-  (  \])en-i\  e. 
The  comparative  lightness  of  aluminium  is  imt  of  much  importance  lor 
underground  work,  as  the  supports  are  not  likely  to  give  way,  and,  as  a 
matter  oi  f.iet,  owiiiL;  t.'  the  .[.rre.iter  i|uantit\-  of  in-nl.itiiig  m.iteri.il  ,iiid 
the  gre.iter  weight  of  lueLilHc  sheathini;.  ca>es  .iri-e  in  which  the  aluminium 
conductor  cable  is  actually  heavier  than  the  eiiuivah  nt  copper  conduetor  one. 

Tn  sins!r-i  vii  cibh  -  the  coiidui  tor  .md  its  she.ttli  are  naturally  in  the 
middle  of  the  cil'le.  .1-  >iiowii  in  l  ig.  1. which  represents  full-size  the 
section  of  a  simple  low-voltage  {bou  volts)  cable  with  p.ijier  in>iilation 
and  lead-sheathed.    There  are  thirty-seven  conductors  stranded  together. 


.uh  having  .  diamvur  -i  ..  ..8  *nrl.  ,al..ut  No.  n  sw.....  .lu-  ...tal 

«,,  tion,.l  .ma  I..inKO-4sq».»T.' in.h.  ;„  •r.n^im.M.  .. 

.U,.//u.n'  CW-s...  For  m.nv  ,>nr,v.M-.  In-th  .n 

1...  i,.t  1^  iift'**«»s.irv.  .uui 


distribution  s  .no,..  iImu        . ...»  u.  Io,  i-  .  r 


sheathed  Henley  -  .■.bu>.  and  a.v  „, 

When,  two  condnrtors  are  requ.re.l  tb.  .I'l' 

knd  twisted  tog.  tb.  r  ;   the        ula,  ^^^^^^^^^^^^    .      i„,h  thick,  is 

n.und  which  an  add.t.o„al  cyhncler  of  P;!-;  -        .^^  ^  are 

Tier  mile.  .    ,         ,,,   i.,,,    j  iSi  inurh 

valnable  >,.are  ,^  ^^..>tcd  .nMrt  J.  _  txs... 
carrv  additional  en,,,.,  ,  .vu...    I  i^,.  i  stranded  c.m- 

„d,..  .n  which,  -t'-"VX;"n  No  ^  ,  n,  u  ;  o  ...  h:  wires, 
ductors  conM.t  each  of   "inH    '  J^-J^  ( 

The  mneteen  vv.re.  .,re     "  '^'^  '      '  J !  ^  circular.  .Tt.^n. 

as  .hown,  each  w..e  I.ei.u;  .  i   ' '        ,  ...j  ..  ...t  cent,  tu  o  u.S 

The  cross-sectional  area  of             h      .  v. 

.,,Mre  .nch.  u-.th  a  crrespmdn,,'  ...cea^e  '  ^  '                ',„,,„,  , 

total  diameter  the  xv,  i.ht  m  t      -  .ii  ^  ^  ^„ 

,.,vt.  heaver  than  the  la>t.     Ih-  .-o.^''.nN  '  '  ^ 

u  an,.ther  wnv  a  c™.  capac.tv  -  ,.t 

in  Fii:.  T  ,M  cm  be  obtain.  d  Nvith  ..  - 
,„dv  l  oo  inch  .n  d.a.neter  and  we.^hm.  ii.>.  c-^vt• 
tion  be.ns  ot  the  same  thickness  in  each  case. 

.    .ii„n-,.v    11'.'.-  »!'■  in.iiiiiuctiire.l  h>  Me5«.>  v^.  i. 
■       .    1        Nu.li   \V  -  1 


•'41 
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ilii'  ■■tlii  r  t\  |>i'  nf  t\vn-(  i)r>'  (  .ililf      till'  "  I  •  .iict  ntrir."  t'f  whi<-li  an 

r\.mi|>lr  Is  L;is,  tl  in  Ml'   I  IN  ;      III  tllis  tV|>»'  tllO  two  <  nllillli  tor-,  wlii.  li  ;in' 

tlif  -|»  •  and—  tomhutiirs  nl  a  two-wire  lirrmt.  an-  of  tin'  sanu-  iio-,- 
stftional  area  ;   bttt  tht>  outtr  on<'.  l>oini;  spn-ail  <>vir  a  comparativdv 

I.IIU'r   |M  |  i|i|lr|  \      11^11, lllv   l  oll-Hts   i  t    IIImTi     lUlIlH  I'  ll-   .lllll    llIK  I    \MI>  -  th.lll 

till-  imu  r.  Id  I  i.l'V>  "hi'  T  h.ikIik  tor  mn-i-t-  o|  nm,  t"  .  n  -.tr.iinl-. 
t-arh  o  loi  inrli  in  «liam«  tf  r,  liavinn  a  total  rross-swtional  an-a  of  «>  i,V) 


Kiji.  i,i=r.  1.108  Ki^.  i.itj. 


square  inch.  The  outer  conductor  consist'*  of  twenty-seven  wins  laid 
in  a  siiiiili'  i\liiiihir  l.i\rr  r.iiuriunc  witli  tlji'  iniirr  iniidui  t'>i'.  vm\\  ^■••\\- 
ductor  l)eiiig  al)out  u  t»^4  iulIi  in  ili.iinrtLT.  l  lic  thickius-,  ol  iii>ulatii)n 
13  lojper  cent.  (O'Otjo  as  agaiii>t  o  io)  less  than  in  the  preceding  cases, 
and  'ill'  Ir.id  coatiin,'  -<iiii,\vli.it  thinner,  the  weiglit  i)(r  mile  hiini,'  150 
cwt.  1  he  (lu.uitity  ot  eopinr  and  tiic  carrying  capacity  are  Jo  per  icnt. 
gn  iti  r  tlian  tiie  conductors  sho-  in  Fig.  1,182,  and  60  per  cent,  greater 
than  those  shown  in  Fig.  i.iS 


:;r:;^;';;;;.:'  -  

.lu.  tor,  ..W.Ut..l  iroin. ...... moll.  <  ,  .    m„  ,  ,    •  -  i  l^l 

'  ,  '!  ,,,,1,.  vv.  n-  UM..1  for  tl,r-.-,>t'.>-  ^-l^-'-^  ' ' '  '  ^    '  ' 

"  ,1-    ..,    »   r  Pi.  'l       Wit',    "("i.>    null   llll.Kll'  — 

  "7;':  :r::  /u!  ■:v;:;  i,;^..::-  "^^  n.: 


>\it  ill' 


,1,1.   cllll.  I 

111  t!.i 


I  11    1   1"     I    I'^T  I II'  '    "   -"^     ■  I 

•n„.  ,„,,  cabU.  .  ..  .    ,1  „,„  ,,„  ,„„,,,K 

  ...K-  J,„il:,r  In   ll..'  '■nndui  t-1-   in    1  11. 


.  ^       ,u    ult  til,,  ^.-t-..,,,,!  an-..  ...■m.;75 
..„,,u.  i.Hhi.au.lconM,t-.-t  ..v..n.-tr.uuK.a.ha    III  , 

The  o,n..p.n'li"^'  ^al.U-  t-  tin      i.  ^    ,  ^^.^^ 

a,,.,,,vsan-..fatnanuub,->.cU.n.,...  l..t.M  _  .  . 

1        ,  IS-      \^  in  l.IfVl.-u^  Mllltlal  la- -  till  M..  11  1 

^'   ,    ;  ■    1         thi-  timo  h-  inu  l.>r  tlu-  main  r...,.lu.  t..i-  n-'n 
in.  aa-.  a.  tlu-  cte.  tlu^  turn  b- in,   ^  .,„.  .,|,i„l      11„  imiiial 


Juv  Nvlnch  irmam..  ut  the  ..nl.na.  v  ,  i„  u!a.  ^  -  ti.M,    .  "1 

la.t  ca>e.  and  the  weight  is  in.;t,a-.a  t„        .  1  ^ 

rallur  -ver  II  I^-r  cent,  for  an  mcva^e  o! 

capacitv. 
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A  triplf  ci'iKt  iuiii'  I'.ihlf.  al^i  for  tlirtc-win-  C(intinii<ius-c  iirii  iit  wdrkiny, 
is  shown  in  Fig.  1.188.  Tin;  main  ciniiluctors  arc  the  iniur  ami  inidilh- 
ones,  and  tlu-  ni-titral  wire  is  tlic  '  uttT  cundiictor.  Tlie  inner  conductor 
iia^  niluli  rii  ^tiaiiil-  nf  Nil.  Ill  ^.w.i,.  will-.  r.Kh  1111114  iiu  h  in  <li.tiiu  ti  i  . 
Its  total  M  l  tiuiuil  ari-.i  i>  o-on  -.iniari-  inch,  'i'lu-  niiildlr  cuiiiliu  tor  ot 
the  same  total  sectional  area  cniisi-t;-  of  t\veiit\ -nine  wires,  1  .irh 
0051  inch  in  diameter  in  a  sinf,'le  layer  dmcenlric  with  the  middle 
wire.  The  tinter  or  neutral  rundurtnr  has  a  sectional  area  of  o-o; 
s<iuare  inch,  and  cmi-i-t-  nt  tlintv--i\in  wires  t.nh  i  i  No.  11  s.w.c. 
wire,  0-032  inch  in  diameter.  The  thickness  of  the  insulation  i.s 
o  otio  inch  in  each  ring,  and  the  carrying  capacity  is  less  than  in 
eithi  r  i  f  the  two  last  cases,  but  the  weight  is  also  less,  being  ii8-6  cwt. 
per  mile. 

The  last  case  to  which  attention  nnd  l>e  called  is  that  of  a  four-core 
cable  suitable  for  three-piia-i'  transmission  for  star-cimnected  systems  in 
which  a  fourth  <ir  neutral  wire  is  run.  The  section  is  shown  in  Fij,'.  1.180. 
Tile  three  in, 1111  <  1  iiiiuetoi -  are  arrani,'eil  each  in  a  triangular  section  ami 
consist  of  nineteen  strantls  of  No.  15  s.w.c  wire,  each  0-072  inch  in  dia- 
meter, the  total  sectional  area  being  o  ('75  square  inch.  The  neutral  con- 
ductur  is  I.A  rirruhir  sutimi  and  tnii-i-^ts  <•!  sexiii  strands  each  of  wiie 
0-08  5  i'lc'li  in  dianu  ter,  and  having  a  total  sectional  area  of  0  0575  or 
one-half  that  of  each  main  conductor.  The  thickness  of  insulation  is 
0.090  inch,  and  the  >p,ire  -jncr,  which  is  not  great,  is  "^'led  up  with  worm- 
ing<.    The  Weight  \n\  iiuK-  is  14J  cwt. 

For  purposes  of  comjMrisun,  the  wlii  le  nt  tin-  1  .iMi  -  in  the  illustrations 
given  on  page  1 144,  all  of  whicli  have  now  been  described,  are  ut  tin-  same 
kind,  that  is.  they  are  lead-sheathed  nuilticore  cables  with  jiajur  insu- 
lation. The  drawings  ari'  to  scale,  .ind  the  outer  diatiieter  of  the  c<il)le 
IS  nearly  the  same  m  each  case.  In  all  but  the  concentric  types  the  cores 
are  twisted  together  with  a  lay  which  increases  the  length  and  the  resist- 
ance li\-  1  per  Cent.  In  tin-  Cdiirmtrir  cable-  the  wire<  of  the  rings  wliicli 
form  till'  outer,  and  111  mie  case  tlii'  middle,  cniutui  tiir  are  wnutui  on  spir- 
ally with  a  lay  which  in  their  case  also  incie  ise-  the  resistance  by  ]ier 
cent.  The  maxinmm  pressure  at  which  the  cables  are  to  be  worked  is 
tiiio  vults,  and  the  thickness  of  the  insulation  is  practicallv  tin-  same  in 
all  ca-is  ;  frniii  the  ditlerent  dispusitinn  of  tin-  1 1  iiiiliR  t' 11-  tlir  in-ulation 
resistance  between  lines  will,  of  cuurse,  bt-  dillereiit,  but  in  e\ery  case 
there  is  an  ample  margin  of  safety.  The  comparison  lx>tween  the  carry- 
ing ciji.ii.  itii  s  i.f  till  ililli  reiit  caliji  s  i-  sn  inten -tint,'  trnni  the  jmint  of 
vitw  ('t  tl:e  I  tin  t  of  the  arraiigeiiii  nt  nl  the  ci iiiducti ir-,  tijat  lor  cnineni- 
ence  of  n  It  i-  lue  tlie  \,irious  data  are  cullicted  ii.geiher  in  a  table.  It  will 
be  understood  tiiat  the  imv -sectional  area  of  a  conductor  is  a  measure 
of  its  current-carryi;;-;  ■  aj  ai  itN-. 
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The' insulator  or  Dielectric.  ;T»'V  ^J;;  .r^t'l^l 

for  the  d.ci.  a,>c  n,  :,n  unaergruuml  cable  ..  a  1  u.ia         1    ;  . 
one.  and  in  the  spao  ,,v„iUl.l.  u  -  1  -  v  1-.      -  » 
outlines  of  the  pr-blen.  pre..nte.   hv  th.  V' ^  ;  ^,,.,„t 
favourable,  of  th-  matenab  wluch  ar.  ^  .  , UUelectric  arc  : 

time.   Thechi.  f  .1.  .  in.  ., Ipropertus sought  f.a  m  th. 

1,11  lli;'h  ni-ulation  reM-tance. 

I,:-  diaectnc  constant  (.p.xific  inductive  capaut>,. 

Ui-h  ih'-lectric  strength.  1,  ,„i,  il 

i„  ,a.ut„;i\.  th...  pun-iv  electrical  F^^^--^        ■  l';:-;^; 

chemical,  an.l  oth,  ■  phvMcal  yx.^^■xX^.s  are  de^uabU  ...  -v.u 
Amon^-t  tluse  may  b.'  m.  ntioned  :  - 
;i  1  '.'henncd  -tabihty. 

,v  ,  l--re,  .loni  from  M^riou^  .  luu..   m  an>  ol  th.   abo      J  1 
'         an.,  to  ri...  of  t.m,M.r.Uur.-  w.thm  uorkn,,  n.u,-. 

has  in  effect  reduced  the  number  to  three,  su. 

•  >i,  Fis-^.  .'11  paR«  "■<■•• 
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(m  In(li.i-iiil)l)i'r,  imrc  and  viili  aiii-cd. 

(/i)  l'"il)ri>us  mati  rials,  -iii  li  a>  specially  i)n'jiarod  paper  impregnated 

with  insulatint;  1 1  iin])!)iind>  and  <hiMtlied  with  !•  id. 
(7)  Bitunirii,  (MiTlnlK-  jmrilird  .uid  \      .ini~.  ■!.  ritli.  r  \\\  itself  or 
in  conjunction  with  iinpn  ;,'nated  iibrou^  material. 
Gutta-percha,  so  invaluable  for  submarine  cables,  is  not  included  in  the 
list. 

It  is  not  easy  to  conip.in'  even  so  few  tliiee  cl,i~-r-.  cf  ni.iti  ii.d-  nil!' 
respect  to  the  complicated  properties  referreil  to  above,  espci  i.dh- 
as  in  each  of  these  cases,  the  material  has  a  com]>lex  structure  wiiich, 
without  destroyins;  its  general  character,  is  affected  hv  tlie  different  matin- 
tai'tuiini;  pKMC^^c,  in  w  hic  li  it  ni.iv  )»■  -ulij.  .  ted  dnruii.;  il^  pii  p.ir  itii-n 
and  wiiil>t  It  is  beini,'  applied  to  tile  coiichictoi.  A  roUf^li  attempt  at  com- 
parison is  made  in  a  convenient  form  for  reference  in  the  annexed  table  - 

TaIH  K  WW. — r(iMl  ARl~,ON  OF  VaKIOCS  CaBI  K-lNSri.ATINC,  MATKRIAIS. 


M.ilcriai 


(i.iti.  iiiea^utc)  i 
'    Me)iuhlll>.  I 


I  iifi.'.  tii. 

e-ptvi. 

ImliiirlM- 
f.i].  i  ily). 


4v.  (k.  ^r.s 
I'rr  (  III. 


(Il.'ii,;.  .1 
siabilily. 


I'lijietrif.^ 


(ir)  Iiniia-ruM.L'r,  pi;it* 

'ft; 


I'l'i  ■  1'  ''  ijii>2  ;.)    Kin  III  IV-trriu-  \(in- 

.'f  .74  1  .  1  r.iles^iiiwly   liy^rn^ii ipic 

viilcaiii-i-d    loi.'ii-'  ~  JOi)  i.>  2'ii4  310 1.1  I .  iixi     DfUrio-    \  Nun- 

io'\<r  24  <  :  r.ito       li\ j;rusai|)ic 

!  niriii' >lo\\ly 

(.     1  .i|"  r,  mi'regiw'i  'l             I  I  o  •  lo  2'i)t  i  5  55    100  li>  2-;u      I '\ci-llcnl  ,  llyijfo- 

'/  15^'  1"  scopic 

;./)  Hil lin  en,  v■,l!ral!i^e  1           S  In         '  -'''^               —       '    I.Mi'llfrit  Nmi- 

lo''\«  o  ( '.  hy{;r(>^c<>pic 


I'lie  rubber  cables,  .iic  m.ide  ol  puie  J'ara  nihber  or  oi  lugh-gr.ide  vid- 
canised  india-rul)lx>r.  so  treated  as  to  secure  a  maximum  of  strength  and 
eli>ti(  itv  compatible  with  maximum  insulation  resistance  and  <lielectric 
streni,'th. 

The  fihrons  insiiltitiiii;  in.jicn.d  is  u>iialK  a  -Ironf^,  lont;  lilired  /'<(/>iT, 
such  as  manilla  pajx'r,  entirely  free  from  niet.dlic  particle>.  carbon  -pots, 
or  deleterious  substance-  such  as  straw,  wood,  or  other  liirnen'is  fibre-,  and 
well  dried  bi  loic  It  1-  n-iil  Tin-  iMjn  r  is  i.iid  ~]iirall\'  on  tlu'  ri'iMiuiii  r 
and  then  imprej^nated  witii  an  insulatuig  compound  which  i-  J>la^tlc  at 
ordinary  temp<Tatures,  and  has  no  tendency  to  flrain  away  from  the  cable 
or  to  ,ilti-r  its  di-triliiition  in  the  ralile  iindi-r  thi'  r  ti  inpi  ratiire 

conditions  which  may  obt.iin  when  the  cable  is  heated  by  tli<-  urrent. 

The  bitumen  cables  are  insulated  with  a  high-grade  vulcanised  bitumen 
combining  el.isticitv  and  mechanical  ■strength  and  applied  in  tubular  form 
to  the  conductor  under  high  pressure.    It  is  (juite  non-hygro>t opic,  at.d. 


/x  :  :.A  r;.V(.  A/■^  Thai  a  i 


.,Jn..rKalbhumc.uiM>hv>icallyavcryv,-ou.  a 
,,,,,,, a  ..,n,.aujM  ......  v.c..^ 

-r:;;,:;;;— IJr^^^^   -  

Intuiiun.  It  1-  claiiiuil 
that  tin-  impand  bitu- 

1,1,  ])  111'  ir    ic  -ilii  iit 

wluu  h"l  tlM"  -'l  ""li"' 
ary  temiK.TatHr<'S,  that  its 
nr  i  tiir—  to  atiiii'>l>tuTic 
,111'!  1  h'  nil'  .il  mllufnct- 
.ipiuai>  .iliu>i-t  iiitiiiit"', 
.  aiiilt!iatiti>viryduraliU'. 
In  « arlv  hitunu  n  i  ihli  - 
tlu'   . '  iidiu  t"i-  \V'  II  1; 
able  V-  bi  lUnntndi-nl, 
the     conductor    by  its 
wti-      -lowly  but  -lUi  1\ 
pu>lii.  .    It-  way  down 
ward-  till "iiLrli  thr  x  i-cu- 
material.    It  i-  cl.dninl 
that  thi>  tault  has  (hsip- 

|x\»rfd  from  th.   ini"l.  in 

cable-.    To  di-tiiliul<'  the 

nit  chanical  -tn-sc-  inoiv 

iniiloiinK-  .uid  t"  mini 

nii-r  luitliti    till-  I'lul 

cncv,  M.— r-.  (ilovtr  and 

Co.  inti  rpoM-  bi  twn  n  ilu 

-hown  in  l-ii;-.  i.l^^i  I" 

bitumen  of  luu'li  iv-ilii  i- 

.hown  -haded  ditUientlv  m  lii;.  if-- 

the  cable  in  section,  wliil-t  Idti.  i.i'r  -  xlnbn 


ill  twin-  til" 

,,1    .-prrl.lIK    j'l'  \ 


-el'.iiate  <  on - 
1.1S7.  a  cradl 

1  11,,  nadle  and  the  bitnim  n 
i-  ft'  w\ 

til'.  .  iM'  x\  1 


ible 


\ 


illl  -1 


ti„  (  .  .IV-  ao- 
phot.  .laph  ot 

ll;.  \,lMoU- 


:r:.:"-.;',:':.::::r^;.;;,;;;::;^™ri:. 

-1     other  proteclnm  -iieath-.  m.  ludui.  th-  -f  •  i  n  n^. inu  ...  de-.  d  I 

,     V  1        on.    Cable-  „,  whu  h  th.s  .levu-      u.  d  known  under 

naine  of     Cracore,"  derived  from  the  "cradle"  ^T-.^t-.r 
supp'Tt  the  core. 
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Deterioration  Due  to  Internal  Causes.  -i"><  f<'re  on-i-l  ring  t!ie 

protection  of  tlie  insulated  core  fmni  adverse  external  intluencis,  a  brief 
rcfert  iK  (•  ma\-  In  niailc  to  tlie  internal  causes  of  deterioration  of  the  essential 
propirtits  (it  tli'^  (li.  ltctrii-. 

Influeihc  iij  ('oppt'r. — The  most  curii'iis  i,f  tlit>c  internal  causi-s  of  di  teri- 
oration  is  tlie  intluence  of  copper  on  india-rublK  r  in  mntact  witli  it.  i'lii^ 
influence  lias  been  referred  fo  as  the  "  catalytic  nxvi:'  n-i  an  vitii;  jMMp,  i  tii  - 
"f  i"ppiT,"  a  ])hra>r  whi'  li  ,l,„->  ii.ii  ai  lp  iw  v<  vv  niurh.  W'liatcvcr  tin- 
explaiialKin,  there  is,  tinwcwr,  no  douia  al'  ut  the  ilkct-  namely,  that 
even  the  ptirest  rubber  in  contact  with  co].pcr  slowlv  iHri>hi  -  and  I-i^(s 
it>  (li-tii\.  1 1\ .•  prr.p(.rtii Wr  arc  told  tliat  thi-  i-  dnr  t^'  tiic  ..\idatiiip. 
ol  the  iiililit-r  nioKrulr,  and  it  i>  a  wcll-kiK .\vii  lai  t  tiial  a  -mall  (  liani,'e 
in  any  of  these  lii.t,'hl\-  (  ■■laplrx  i.i-anii:  mciicalo  fiKpu  ntly  results  in  an 
enormous  change  in  the  physical  properties  of  the  boilv  of  which  they 
are  the  constitut  iit  jiarts. 

liTtunately,  tin-  ]..:!i<iilar  effect  can  be  eltrc  ti\rlv  ].n\-.iitrd  liy 
hnnin<;  the  copper  thai  i-,  l)y  covering  its  Mirfacc  with  .1  thin  but  <}uite 
continuous  layer  of  tin,  a  metal  which,  it  is  fouml,  dm  -,  nnt  act  -imilarly 
np>i:i  rubbrr.  Tin  i  sr,-  j  i:  731,  \M  1.  i-  n^  .t  -  ,  h  .,|  a  <  >  'ii.lu.  !■  a  -  «  '  |.[)i  r. 
and  It-  u-e  iiicrea-(  -  thr  i  .■-i-~taiu  e  as  calculatnl  Ir.  ini  thr  diaim  tt-r  on 
the  a--uiii]nion  that  thr  1  onductor  is  of  standaril  co]>]^i  r.  It  i-  al-<>.  a* 
a  rule,  a  lU'Te  exp.ii-ive  metal  than  roppir,  an^l  tl'ii-  ,,n  In  tli  ijr.'Uiiil- 
as  little  tin  as  will  W  1  lirctive  i-  n-ed.  TIk-  lai-ni, .  :  uiu;-  >tand,ird-  (  ■mu- 
niitt.  i:  ii.i-;  (li  cided  tlhit  ;  cml.  increaM'  u{  i,  -i-tance  may  be  allowed 

on  all  timittl  cojii^r  conduclor>  between  the  diameters  o  jtS  inch  (No.  11. 
s.w.G.)  and  o-ojN  inch  (No.  jj,  s.w.G.)  inclusive.  For  larger  diani.  ters 
the  eftrrt  1  .n  thr  r> -i-i.\nrc  i.f  tlir  -aine  tliickne>s  of  tin  i^  ivt  -m  -.  lii.n- 

Ii.  crrtain  llexibKs  and  specia'  wires  the  Copper  is  nut  tinnrd,  but 
cotton  lappings  are  interposed  between  the  copper  and  the  rubber  :  this 
method  of  protection  i-.  however,  very  s]iarin[,'I\-  n-rd. 

Iii^U'.ci'.cc  <<r  SiilHn'i . — .\ni'thi  r  intern, d  -nirct  of  t!<'ublr  i-  t!ir  action 
of  the  sult^hur  pr.  s,  nt  in  all  vulcanised  dielectrics  mi  tiic  hu.'j!  ni  tin- con- 
ductor with  \\iiicli  the  dielectrics  come  into  conl.ict,  whetln  r  the  met.d 
be  co]i]nr  or  tin.  The  process  of  vulcanising  (i.e.  tn  ating  with  sulphur; 
(■nli.incc  s  cii  tani  piMpcrtios  of  the  dielectric  ,  bm  1-  ii^t  \\  it iiout  disach'an- 
tages.  of  wliicli  thir.  is  one.  The  dilticulty  ilm-  nnt  .irisu  in  paper- 
in>ulated  cables,  because  the  paper  is  not  vulcanised. 

In  luf'lhr  cjl'u\i  it  is  nut  bv  itl.-iciim  a  tliin  liver  ..f  hur,-  yviJ  /y  ni  .\t 
to  the  natal,  and  nut.-idc  this  tlu'  vulcaiiisecl  niblier.  In  vulcaiiiM-d  liilunu  n 
caolcs  the  genera'  imrtiic  -s  of  bitumen  is  often  relied  upon  to  resist  the 
action,  special  steps  being  taken  to  prevent  moisture  Ix'ing  introduced 
by  a  creeping  action  between  the  strands  of  the  conductor.  Sometimes, 
however,  a  thickness  of  paper  or  jute  is  first  applied  over  the  conductor. 


Pkotei  r/''.Y  i-F  CxnEK<:A\'i:r.''  Cms:  h:  C'KF., 


1 1 ;  I 


i\M-  MM.n.itin-  th.-  -sulphur  from  th.'  im-t.il.  Imt  h.ivm-  t:  '  ' 

\i  u,tv'.ln,.n,  l>v^n.~-P"-  'In-. ,  t  ,  •  .nt  .„  r  ^u,l.  .!>■■  yuan.  t,.r. 

Protection  of  Cores,   h  .-nv  m       -n-ul  .t-.l  .  .n-  .1. ,.1... 
.vorebid  in  tl,..  .roun.l  simplv  cv-r..!      ,  ,n  ..  -h         ...n.     n  w-nM 
,n-  ImMv  Mi.vun,'.  t..  ..n.'       nvir  ..1  th.-  adv  i-.-  >M.iu.i!  nil'.u. 

„  svhirl.  U  xvuia        .  xp  -        Th.^-  i.tlu..n.-,  ,n,-  n.anv  a.t.l  v.-n..,-. 

-nprli'^'l  ^vuh  ih.'  ii"-t  "-11 'I  pi.'t..ti\.  .I'M-  -. 

\n  .-x.unpl-  is  «ivcii  in  li-'.  i.i'.',.  vvi;u  i.  .i.--  •  -n  •  ' 

l,,„.,tu.iin,.l  v,.Nv  ...1  A  «-.l'v.i*  c..n.,r,.n.-  p..p.i  n-u!,,.-..  .  iM.  pi....- • 
wUh.U-,ulM,...,th.^l.vl,apo-,.,u.laju;.  -  .vu...     .1,.  I  .r_an.!nul  v..  w 

^h.'\v>     the  vari.'U- 

Pv  -t.  p  -" 
n..<f  tliL'  lay.-r-  lu'l.-v 

r,.L;uIai-    m  .pi'  i".  ■ 
Hi.'  caM.-  '•"I".'  p'"':"  : 

„,i,t-    ..1  111'- 
,-.>ppcrc..r..l"-i"i-^\i'!' 
tlv  if  pap.'V  in<ulitiiv_ 
r  .M  iini:--  alr.  :i'lv  .1. - 
l!nni.''li.il.  1\ 

,,nt-i.l.'   111"-!'  i- 
/        -hrjl'i.  liif  ("!■>.-- 
t;,,ii  ,.t   whi.ti  i- 
.-upp'v  ;i"  abs'lut.-lv 
w.it.  rtiiiht  fU  xil)!. 
c.  .v.-rin^'.  >nrli  a  nn-or- 
inu    bfir.u'    n.  . .  — .n  ^' 
bi-caii-o  "1  tl»' 

,,r  Ic--  livprcsrnpi.  ,    ,  , 

drawn  .l.-wn  a-  a  ~..U.l  tulv  un.l  r  1.  .-w  hv.hau,:.  p..-~ 


m . 


c,,,-..  IhL.w.  H.  f..r.-  .ntrrum  th.'  1.  pn--  th  ^ 
;i  hath  of  in-nl,,,,     .-..mp..un.!.    In  tr..p- -'1  '  '  ' 


p,p.-l 
alii  1- 


.nu'tinif 


apphcd  t..  oih.r  than  pap-r  ...M.^  ^■    "  1"  1  '  ' 


nit. 


va,-n!  whu:h  ntav  1..  ...r  .naU-.U  nn,.,.  v  .  ahh  ^,  m  th..  t..tn,  ...  Ina,,  1. 

c,hl..  is  often  pa^sM  thr.n,ah  a  bath  <■!  pi,-..v..;x.  .....  i  ■ 

'^i.,  ,t>.n       .h.   nnptv,:.at,..l  jnt,-  ya,n.    • 'n  tin-  a-  a  p>..!.^t.n.  b. -1 
Martoutn,,  .  lauU  Uh.-r  tn  th-  h.rnt  of  ......l  tap.-.r  -f.l 


-  n-..-  •■Clover"  <-il''<-f  m  .m'.i,>ci..'.r.  .1  ^-v  M.-^r-.  W,  '1 
M.inchesti-r. 
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protect  tin-  cahl.',  if  laid  iliri'ct  on  tlif  yrniiiil.  Ii.'in  nin  h.nii.  ,il  injun 
due  tu  car<l<-<  t  XTavatinK  or  otlicr  cau>«-*  wliicli,  in  tliu  abMiuc  ci  tlio 
stt.  1  annniiriim.  !nii.'lit  K  a<l  tc  tin-  vari-'ti-  i.tli.  r  .  ..v.TinK>  WnK  cut  thr«nf;li 
and  to  the  .  .  ■iidiK  !■ 'i  ~  \'<  \\v^  ,  \\<''-A.  In  tin-  I'.iiti.  iiKu  r.i-r  -h.iwn  m 
I'll,'.  I.I<(.).  t\V"  t.ipr>  air  wuiiiid  im  -piiallv  ,i-  -!im\vii  iiuTt  (  K.iiU  iii 
I"in.  1. 104.  which  rqMVM  ni«;  a  tlmt-coic  ).ap.  r-insulattd  cablr  1m  nm 
i.virwnuiid  nitsidc  th--  tir>t  ia\vr  ol  jute  vai)i.     IIk'  wiilth  ami  thuk- 

tii--  nf  tlic  mild— til  l 

tain-      tl-rd  (li)Mii.i 

partly  I'll  till-  >i/.i'  •  : 
till'  cabi"'  and  part  v 
..n  tlif  >■  "1  j)!.)- 
tri  ti''ii  di".  iind  ni  >:i'— 
-ary.  In  thi-  cases 
-liiAvii  there  are  two 
la\rr> 


Fi^.  -GIovi  r\  with  Kil.lcil  Stcrl-lai«  Am,  u, 


wniiiid  on 

spirally  one  over  the  other,  so  a-  t..  bn.ik  i-nit  wiih  .'iir  an.  tli.  1.  Hie 
inner  lower  tape  has  a  central  rib  imU  iiied  loii;;iuidinally  uiioii  it.  a^ 
,111  be  seen  in  the  -ectional  drawin;,'  of  l"iu'.  i.i'»J.    The  outer  tape 

1-  and  just  lill>  til.  -jiai  f  !',  t\v  .  n  ~in  n .  t ui  11-  thi-  (  .  nlral  lib. 
Tluri'  i^  tlius  -ecured  not  .mly  the  extia  prot. .  11. 'ii  due  to  two  thii  kne--e> 
of  steel,  but  also  the  presence  of  the  rib  tix.  -  the  relative  po-iii.  ii-  ..1 
the  sjiiral  j.iiiit^  ..n  the  tw..  tajie-..  and  tend-  to  pnveiu  tlieir  relative 
di-plai-eiiient  diirini;  the  liandlin;;  .md  l.ivin:,'  "1 
the  cable. 

An  exain])le  of  protective  arniourin;;  with 
-teel  wires  hl-tead  ol  fa]ie  is  1,'lVi  u  in  1-ii,'.  I.l'lS 
whiih  -liow-  ,1  "I'll'.v.  i  "  tlirie-r<.re  vulr.ini-  ' 
bituiiii  11  double-wire  .irmour<d  e.ible.  llii  tin.  . 
separate  core--  atter  b.  in^  taped  with  di-tiliet- 
ivelv  c  .loured  ta].-  .11.  l.ii.l  u]>  f 'l;.  tli.r  r..niiil 
.1  bitunuii  centre  with  .i  -iiiiji.l.  Ia\  .uid  -h.  ,.thi  il 
all  ■■ver  with  a  solid  tub.  :  \  li.  iiiiM-d  bmuiien 
nipi.nnd  t.i  l<  rin  the  '  liiree-cure "  con-. 
;-  e.  re  1-  t.qird  with  tw.i  -]>ir.d'y  wound 
Kiwi-  <.f  i-<.tt.'ii  I  a]  t  !i. -v.  .ii-hl\  nii].M  ;,'n..ti  ■!  with  !  .itmnin.  u- .  ■ 'in)  >■  iiiMi, 
and  out-ide  llii-  a  iieddlim  oi  ]ute  y.ilU  or  bl.iid  a-  .di..\e.  N..  K.i.l  -ii.  ,ilh 
i-  retpiired,  .i-  the  di.  l,  eiric  is  n<'n-hvt,'ro-ci.pic.  The  .loiible  wile 
,Miii.  an  inL;  cn-i-l-  ■  !  >  .1:.  ■  litii.'  la\i  1-  "I  ^al^■,  I'i-.  .1  mild  steel  wiie- 

-erved  Upon  the  jut.  b.d.hr.;;  ;  boih  l,i\ir-  ai.  \\.  un.l  .11  -pirally  with  a 
Ion},'  lay,  the  outer  lav  bi  iiit;  in  tin-  levu-   .ii-.tion  to  the  iiuier. 

I'he  -pel  ifh  alii. 11  h'l  ihe  anUoUliupi.t  "  IbiiKv  "  :       pa;;e  II44:  p.lper 

cable-  i-  that,  lor  cable-  ot  le--,  than  o'5  incli  diameter  over  the  lead  sheath, 


 -C.il.le 

-t«!  Wire  Anii.Miri:.c. 


■i 


1  I  s 


3  3 


:il  'II'  MIL 


bcfon-  lu  iiii;  api 


...mI  ,.i                   -trr!  sM!.-  (»>>r^    iiu'll  in 

,  .     I„.i-.  i    .-.ihli  -    ,iiv  armour.'il  with  tw^' 

....itr.l  With   ,1  pi.it.vtiv   ,  ..m].,.uii.i 

tn  tlu-            III.'  thi.  kii.  "  ..t  til-  -••  ■1  t  ■ 
\th-<  ttDiii  O  S  t>i  o  -^ 


in.  Ii  |..r  .  M 


nil 


(i()4( 


li  ili.inu  t.  I 
n>  ii  t.ii  i  .ili 


tl  .  .HI 


a  -I I  in.  ii 


ni 


;■()  iiu  lif^  (li.miftft . 

h  t..r  1,11  l;.  I  .  M<  - 


Hr.iVV    >ti->  l    wil  l-    .11111. 'Ill  111^'  1 

usfd  tfir  (initf 


ll'iUrV  rl  , 

hirn>     atilf-  m.uU-  by  tin- 


hrni 


Wlur.  L 
required.  Ih 
the  sjmi.il  tyi 


,it  nirrti.inic.t 


1  pr< . 


al)lr-  an-  luiiii- 


)!■  Ill 


1...  k-'  .iil 


iti'itiiiii 
i-liiil  with 
aim.  Mil  in:, 

shown'  in    Fi?.    M</i.     It"'  >t<'^l 

the  tm-— 

.■  I. inn  a 
,1  with  i'l'.'  Ill  th.'  ti-ual  niaiin.  I.  111.- 
,,ni:.  -i  1  ■11''.      ai-ni."innL,'  .i-  y.-t 


\ hii  !i  ai . 


Lii-l 


Mil  -piralK 


wilh  Liil.  «:>»'.  Atmoutin^. 


sectiiin  -h.iwii,  .ii;.l  w  in  i'  m 
solid  sheath  of  -t.  ■  i  \\hi.  ii  i~     i  v. 


ni<  th.id  i>  fxp<'n>i 
for  .'.il>lr  iniit.-.-tii 


hilt  I-  th.-  -tl. 


In  c.rt.iiu  .11. 11111-1,111. 


th 


I  cabl.  -  til.  I.  id  -h-iil  h.  1 ,11 


I-  ij  1.107.— I'aMe  w.lli  i  in-prr  F.^irth  si.eati. 
uT\.\i!t  Ihf  U...t  Shealh. 


I'.Mid  .1  Ir.i.li-  rr>niin-  that  in  Um.1- 
tli.  .1  ..ml  i-h-i  tii.  .I'.lv  omtinnou  .  thiotu'i  - 
,,„t  Onr  iiiitiio.l  of  -.iti-l\inu  - 
,  ,,nditi.'n  in  pi-.i.  Ill  >■  .  •'ii-i-t-  111  jii  - 
vuhim  lh.>  h-al  .'A. 11.11^  vMth  .. 
,•„ .  ■■  1  ..nh  -h.Mt'i  ■'  in  on  ■  "t 
tw.i  ;  Ilia'       •       r    1.    \".  .. 

,  ..pp.T  t.ip.-  \\"'i;..'i    ■  '.    '    •    •'       •  '  '■ 

•     ;.,„a.  .h.  it.  lv  iin.l.  i  th.  ha.h.  ;  Ia 
-,l\,,ii!-r.l  -t.'.'l       -  l.iiil  difctly  on 
J";;,   i,..„l  .  ..v.  iiir-;.    I'-oth  .  -I'lMT  and 
/     ,t,  ,  1  .11.-  n.n.  h  l-.  ttn  ■  .•mhi'  than 
l-ad  731.  V"«-  '■  ■  •' 

i^.,.  -  I''  ii>''-  ''>  oi''  iiv  !i'  m 
,\',i,l,.  i.  oi  M.'.  l  wii.  -  1'"!' 
in  diani.'trr.  a  -uhi  i^'lv  .'on- 
,1,1,  in<  "  .  aiih  -hcith.  "  Uhi.^tra- 
(|, ,,,,  ;  \',  iii.  th....i-  art"  nivi-n  in 
1  ,1       .         V.'.'..  ii  .1.  1  111-  "f 


n  Hho-l  .'   o-,.s  -.1.  ....  th,vc...,v  tlu.-. -ph.,-  lah---  1-  vwth 

V,n,.-  n...  1.--  .h.in  oott,  in.  h  in  tlu.  k,,.-^  lanl  ro.md  th-  .-..re 
umhi  the  Kud  a,.l  in  dir..t  ...nt.i.t  with  .t.    l-r  th..  t.at.i.ular  .uc  ui 


i'5» 


EiscrKKin-  /.v  ihk  Seki  ice  of  Max 


Kiij.  i.iv4. -Glover's  C'ablr,  wilh  Rilibe.1  Sl«l-iape  Ann  uiiu. 


jinitoct  till-  i.iM.-.  it  laid  tlimt  on  tl\i-  ;^r..uii(l.  Ifin  mrdi.init  .il  iiiinn 
due  to  carikss  txcavatiiiK  or  otlur  <auM»  which,  in  tlif  alMim  d  thf 
stf.1  armoHrini:.  mieht  l<  a<l  to  tlic  variou-  other  r.iveritiKs  beinj;  cut  tlirou^h 
and  t..  tlir  (  ..mliK  ti>!>  lu  iii^  ixp.'- d.  In  tlif  ]>.iriii  id,u  c.i-e  -hown  in 
l-ifZ.  I. !<).;.  iwo  -tf.  1  t,i]).-  .iir  w.miid  "W  >]>ii.iilv  .1-  •■\\>'\\\\  WW  >  li  arlv  in 
\'\H.  1.104,  whidi  npr.M  nt>  a  thrd-ci.n-  pajn'r-in^nLiti  .1  (.dilf  Ix  inn  -.0 
overwouml  out-ide  the  lirst  hiyer  of  jute  yarn.    Die  widtli  and  tliick- 

ne-is  of  tlie  niild-steel 
t.!)"'     n-1  d  d' 

I'n  the  >l/.e  ol 
the  cable  and  partly 
nn  the  d<'i;rie  of  pro- 
teotii'n  deemed  nece— 
^ary.  In  tlie  (,i-es 
>lii'\vn  thiie  are  two 
l.ivers  wound  on 
spirally  one  "Vcr  tin'  i>tlu  r,  ~"  a-  tn  l'i.  .ik  j.^mt  wnli  .'ue  an.  tin  r.  I  he 
inner  or  lower  tape  has  a  central  rib  nidented  lonuitndinally  upon  it.  .i~ 
can  also  be  seen  in  the  sectional  drawing  of  I'm.  i  lOJ-  The  outer  tape 
1:-  tl.it,  ,nid  jii-t  tilK  tlir  -p.uT  hi  twt  eii  ~n(  >  r— i\r  inrn>  of  this  central  rib. 
Tilt  re  i>  tim-  >eeured  n<it  only  the  .  \ti.i  i>i"lr,  iImh  dne  to  two  thickne— es 
of  steel,  but  also  the  ]>resence  of  the  rib  li\.  -  the  relative  po-ition-  of 
the  >-])iral  joints  en  the  two  tapes,  and  tends  to  prev.m  tln  ii  n  lative 
di-pl.iet  ineiit  diirint;  the  handhng  and  layin?  of 
the  cable. 

An  example  of  protective  arniourini^  with 
steel  wires  instead  of  tape  is  piven  in  Fij;.  I.105 
whi.  h  -how-  ,1  "(d'A-.  i  "  tlin  r-ri.ir  vnlcini-. '! 
bitnnu  ii  double-wir.'  anii"Uii  d  c.iliK'.  l!n  tin.  < 
separate  cores  after  bi  ing  tai>ed  with  distiiict- 

K- ( .  'I'  lm  d  t.ipes  ,\re  l.iid  u])  to.iit  ther  round 
,1  l)iiumiii  1 .  ntr<-  witli  .1  suitable  lay  and  she:.thed 
all  o\(r  with  .1  -"lid  tubi'  ot"  \uliani-ed  liitnni.  n 
conipi'iind  t'l  lonu  the  "  thn  e-core "  core. 
This  core  is  taped  with  two  sj^irally  wound 

.'i  o.tt.'n  tjp.' tli..roiit;hiv  iiiipi.  u'liat. '1  \Mtli  i'ituniinous  conijx.und. 
and  i-ut^ide  tlii-.  a  brddilii;  of  jute  yam  I'l  luai.l  a-  ab.'Ve.  N.>  le.ul  -hiMth 
is  required,  as  the  (UiKctric  is  n..i!diyf,Torc. .]iic.  Th.-  d'uMi  wire 
aniK.iuin.L;  coii-i-i-  ot  two  concentric  lavi-rs  of  j^'alvaniscd  mild  steel  wires 
strved  iipnti  th.-  jute  btdilint;;  both  layers  are  wi.uml  on  spirally  with  a 
lont;  lay.  the  outer  la\'  briim  in  the  rrvn-r  .lii.  .ti..n  t..  tin'  iiiiur. 

The  spccilication  lor  the  armouring  "  HeiiKy  '  i>tv  p.i^c  "44'  P>'pci' 
cables  is  that,  for  cables  of  h  ss  than  0  5  inch  diameter  over  the  lead  sheath, 


..u:.— C.iblc  »itli  I'.  - 
steel  Wire  ArnwiiriH'.;. 


^ '.VP/ ,vi;/r  ■.■■.\  '  I't;:;/-- 


"5  J 


tl.r  i.tniuriti:;  i-  cmii'-.-il  ui  n.ih  .lui-i-.l  -t.-.  1  win--  o-^J  nu  h  m 
(li.imotri  (N".  15  s.w.<..).  !.ari;.-r  cMv^  are  armoured  with  tw<. 
laviT-  ..f  -trrl  t,!)..'  th.»it.ii;:liU  .  ..,it,'.l  with  ,1  piMtr.  tivf  .  omjHmnd 
beW  bciuK  appluMl  to  tlu-  >  al.l.'.  tlir  tin.  kn,--  ..(  tli-  -t-  l  t  q..'  iN-ini;— 
(>  o  ',o  ini  h  for  rabies  from  0  5  to  075 

iiK  li  ili.mu'ter, 
(i  cqo  iiu  li  tnr  t  ables  from  07'>  iiit  li 

to  2  0  inches  diameter. 
()n»K»  inch  for  larger  cables. 
H.M\\   ?teel  wire  armonrinK  is,  how»\er, 
used  for  quite  large  cables  made  by  thi- 
firm. 

Where  (jreat  meclianical  protection  w 
re(iuin.l,  H.nl.-v  i.i'  l.-  ,nv  fmi-.i-hed  with 
the    speci.d    type    nt     loik-ioU  .inuoiiiiiiu 

shown   in   V\K-    i  i't'''  l"'"' 
whii  li  .iv  l.iid  on  sjnndly  have  the  cro>- 
sectioii  >liip\vn.  .-ikI  when  in  pl.ice  form  a 
solid  sheath  of  -tc  l  whi.  h  i-  -et  v  d  with  iui. 


Hi  1,1  j6.—  Herilty  Cable  Ptonclt 
wiih  LotU-co"  Arawuiinn. 

Ill  the  iiMi.d  nianni  ! .     I  ii-- 


th'-  -ti'MiL 


I  -t  1  'im  ot  anil" 


Hiring;  a-  vet  d.  vi-t  d 


method  is  expen>ive,  Imt  i 
for  cable  protection.  ,1   ,  ,,,  1  ,  i 

In  oiruu  ,i„un.^,.n.,-.  th-  Bn.ud  „1   Hade  re-iune.  ^'-^  " 
covere.1  cables  th-  1.  ,.d  ~1k.11  W  . ,n  th,  d  and  ele.  tr.callv  continuous  thio,,-'. 


I  I 


0  % 


Fig.  1,19;.— Cable  with  Copper  Earth  sheail. 
under  the  L«.»d  Sheath. 

Figs.  1.107  and  r.  ~pri  ti\^  ly. 

mrthnd  i.i.  .1  0-125  sq.  Ill-  three 
copiHi  sail'--  not         than  ooi'' 


I  i.t  -.iti^fviiii;  t!ii- 
,  ..n-i-ts  ni  pi  - 

MUlm     Wlli:  1 

I  ii  ■■  Hi  Hill-  "t 
•  itlii-t  1.  I"-  •' 
.1;  tic  iliilctii' 
,:,inu-,h.ite!v  und.T  tli-  !■  ad.  Ml-  !i  bv 
-ilv.mi'cd  -t.'.-l  win-  laid  .hre.-tl  . 
,,l  .  'A  .1  M«,.  I'>"'li  '  "i'per  and 
,,,,,  u'.'i.  1:  !»  tt.  1  ■  -li'lii'  thai' 
l.-.id  is.v  pau.'  751.  Vul.  1.  ,  ,01. i  .. 
tlu.  kn.  -  "I   1''  nnls  (otno  inch,  in 

,;„.  i,,,,),,  ;.  01  >teel  wilv~  o  I'm.  hl  h 
in  (h.tiii.'t'i.  ui\'-  -I  -I'iii  • 
(hiaive  ••  eaith  ^luath.  lllur,tra- 
tiuii-  nf  th.-e  method-  are  s-iveii  in 
In  Flu.  M07  V.:.:-  U  uiv.-s  dftaiU  of 
,,.ie  thre.-piia-..  >  .ibi  1- 
iiKh  in  thickne-  lai'l  nnin.l  the  ,  ure 


lit      Oiii-  iU''tli"' 
milition  in  pi  "  "' 
\idini:    tlie    h  ' 

-ji,-  :,,!  "  1  irtii  -li'' 
;\\.p         -  .   ti^it  1- 


t  : 


cooiii  l    sllll"--  uoi  mail  yj       '    14 

umJer  the  lead  ami  in  direct  c<.ntact  with  it.    h-r  the  part.cnlar  >uc  o. 
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c-ihlo  shown  whi.  h  is  ht-avily  in-uLiiMl  t..  M.m.l  .i  v.ilt.ij,'.'  <>l  n.nno  vults, 
the  coi>|Hr  ii.lils  over  a  ton  vvfi«lit  jht  mil« .  ,in<l  a  idmspomlinf,'  nuriasi- 
in  j>ricc.  Th<-  s,^„n(l  method  (ii.i  is  ilhistratwl  in  Fig.  i.ioS-  whirti  shows 
a  jo.cioo-vi.lt  M  OT  -(I.  in.  thrrr-mi,  .  ,iM. .  with  an  cirth  -licatli  .cn-isting 
ot  r-tci  i  wins  not  K-.>  iluin  o  lo  in.  Ii  ni  di.unrt.  i  l  iiil  (m)  the  I.  .i.i  and  in 
dir.Tt  .ont.u-t  with  it.  In  this  i-a^t-  thr  -Inatli  a.l.U  N;  .wt.  i»t  mil.  to 
ill.'  w.  i:;lit.  Imt  the  extra  .-..-t  is  not  so  liigh  as  in  tlie  prccc.lini;  .  ase, 
1)1 1  an-  '  I  ill.-  t  li.'api  i  in.it.'i  ial  n-fil. 

As  a  tinal  .  Nainiil.'  ot  an  arm  .uiv.l  ni."l.  rn  (li-tribnli.'n  .  h  i  heavy 
currents.  Fig.  I.Hm)  gives  a  1u11-m/.<-  section  of  a  three-eon  '  ll.nUy" 
distrihntion  cahl.'  stipphed  to  a  South  Wah-s  colH«ry  <  ompany.    Kai  h  of 

tlie    cop]),  r    i-onthietors   lias  a 
' i^-kJZCiT'j^^  -.-.  tiioial  .in.i  of  oS  m|.  in.  and 

,..n~i--t-.  Ill  ninety-on.'  ■-tran.l-  "I 
.i  ii>S-in<"'    oj)iX'r  wire  insul.ited 
with  a  tlnckness  of  o  io  inch  of 
inipn  ,u;nat.  il  p.ip.  r.      I  lu'  llm  .' 
(iir.s  are  laid  up  together  in  tli.- 
,  nsual  way.  and  the  iiUer>tiies 
\.\  lill.d  witli  jut.'  wi innings.  An- 
Miller   la\vr  .il    (taper  dielectric 
ii  S  in.  li  ihiik  i<  lli.'n  lai.l  <  n. 
\\    ^^^^Blfiiiji^^^^Pr  and  out>i(U'  this  tiie  copper  tape 

which  forms  the  "  earth  sheath  "  ; 
the  lead  i'immii^  o  IS  meli  tlii.  k 
is  then  drawn  on.  1  lii>  is  ser\cd 
with  tarred  jute  yarn  to  form  a 
bedding  for  the  armouring  and 
to  pmtert  tlie  lead  fnun  electro- 
lysis. Th.  arnii'ining  consists  ..f  a  simile  layer  <il  ^t.mt  >t.il  wires,  served 
.iverall  with  a  tinal  covering  lA  tarred  jute  yarn  treated  with  a  preservative 
compound.  This  cahle  has  a  diain.'ter  of  4  inches,  and  is  designed  for  a 
wurkini;  voltage  .it  .;.ooo  \  iilts. 

In  works,  collieries,  etc.,  it  is  often  desirable  for  temp.nary  i)urjx)ses 
to  use  a  loose  trailing  cable  rather  than  one  permanently  installed  in  ducts 
or  .ithei  wisc.  In  -ii.  h  .-.i-.  -  heavy  steel-arnviured  cable  is  neither  necessary 
nor  convenient,  and  the  n.pusite  mechanical  pn>tection  can  lx>  provided 
by  tarred  rrux-,  leather  braiding,  hard-cord  braiciing,  or  in  other  —ays. 
Such  a  traihng  cable  is  shown  in  Fig.  1.200  in  the  form  of  a  three-core  Glover 
cable  with  an  additional  and  smaller  finirth  core,  which  acts  as  an  earth 
wire.  Th.'  <-.in--  an-  rnWx  r  in-n!:;t.  .siul  ;ue  surmunili  il  bv  a  vnl.-.ini-.d- 
bitumen  riblx'd  sheath  moulded  so  as  to  lit  between  the  insulated  cores 
and  providing  a  bedding  electrically  more  suitable  than  any  forin  of  tibrous 


Fig.  1,19s.— CaWe  with  Stml  Wire  Eantt-thuth 
over  tile  Lout  Sheath. 
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'   utM.!..  wluch  tluT..  is  a  l..y,r  of  n.m,H.«n.l.  a  ,ut..  .......l 

'•'1  '  '  ,      ..  „,  ..vt<>rn.il  urt.littJVf  imMUHI; 


bv  the  *,.rvinKT.f  whiF"i«»  ^'^      '  I'^"*'^  "'" 


lo.iit.l  C>jUi-;ry  Cil.lf  ll"U  -i  t). 


Thi<  external  pn.tect.vo  rov.  ring  l.a.  to  ^vithstand  the  hard  u.-.^e 
conlli^ent  on  the  cable  l>ein«  dragged  over  rough  places.  encour,tenng 


Kii!.  1,300.— l»lov«r'»  1>..  1 


ret.  '.  Whilx..  t.l  Br..i.!i 


,„  U,n,U  ,a  „l.tacU..  .nd  aKu  tin-  damage  cau>e.l  by  falU  r.,..l-  n,  -  ,.1- 
LrieV     vv.  11  a.  tla' R.neral  nmph  u^aRe  of  the  f^^ 

/caHe  Should  be  practically  waterproof,  so  that  it  can  I.  left  lyn.g  about 
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in  damp  •situation"  without  iiijiiiv.  Varioii-i  Mjch  ccvfrini.''  liavo  been 
st.iiitl.iiili^i  (1  tui  llciiliv  (,il>l(~.  I  hii-  thiiv  ah-  lir.iiii-  in.nl.  i.|  iiiattn-.- 
tuiiu-.  <>i  luiiiltoitl,  or  raw  liulcin  It  .itla  r  >ti  i|i-  aUmt  ,,.  iiicli  \vi<l<'.  aiul  ,i 
six  i  ial  cumpi)umti-d  hard-conl  braid  int«'rlaci"d  with  Kalvanised-stci-l  wiro^. 

Desigpn  of  OftblM. — The  fun-Koinf?  di'>(  ri{)tii>n«  uf  thf  tyi>os  of  cabUs 
in  artu.il  will  ftuibli-  thi-  icadfr  to  appririatc  a  Irw  nniark-* 
on  the  um-  and  doign  of  labh*.  tlic  >ubjeit  Wm^  int»Te>tinn  a>  -li  iuiiu' 
till  importance  of  keeping  iu  view  the  elementary  electrical  law;*  set  lortli 
in  Vol.  I. 

A  t  alilr  (  oii^i-t^  of  .1  I  .iniliii  ti'i  ii-iiii;  ,1  -..liil  dii  I,  I  tiii  I"!  .m  iii-iilator, 
w  lnit  a>  in  an  o\  >  i  lu  atl  hnc.  t  s.  i  j>t  at  tlif  sui)]«ii  t>,  tlie  ni^iilatm  i>  f^aM-oU*, 
Iwing  thv-  atmosphtfi'  in  whi«  li  the  conductor  is  immersed.  We  have, 
in  dialing  with  the  "  lonm.i  '  and  cognate  plicnonu'na.  desiiibid  liow 
til.'  ell  I  nil  propt  rtir^  of  tlu'  dii  lectric  afffi  t  lii^;li-\  nlta.t!r  lrun-niw-iii» 
witli  o\i  ilir.id  linc^.  I  lit  ptiipt  i tii  >  ill  ix  iiiiini;  itn  the  dii  lfitiii'  wliiiii  iuix 
to  be  considered  in  cable  transnussion  aie  the  insulation  resistance  anil  the 
rapacity  at  all  voltages.  an<l  the  dielectric  strength  at  high  voltages.  Some 

riti  ll  ll.  I  -   ll,l\r  ,llli  M(l\-   1)1  I  II    ni.uli-   ti'   tlli'^i     in    till-  l-,i;lir|-   ]i.llt-   of  tlllr' 

SCI  til  in  (pago  1. 147  to  1.150).  and  tin  o'djmi  in  returning  brii-tiy  to  tiie 
subject  here  is  to  mention  on*-  or  two  )x>ints  in  which  they  affect  the 
design  of  tlir  I  .il)lr~ 

'111!  in-iilation  ii-i-t.iiiii  .mil  tin  rapai  ;lv  .111,  a-  in  otliiT  la-es.  pm- 
poitional  n^pn  tivfly  to  tin-  "  spi  ■  iln  lr-i>tanie  "  and  tiir  "  >()i  ciflc  in- 
ductive capacity  "  of  the  dielectru,  and  it  is  imiwrtant  that  the  first 
should  be  as  high  as  possible,  and  the  second,  in  a.c.  working,  as  low  as 
pn>~il>l(.  In  both  cases  there  is  a  geometrical  factor  which  for  cables 
contain^  tin-  ti-rni  ,  </, 

((., 

in  wliirh  1/,  i-  llir  unti  l  ili.inu-ti  :  .iiul  tin-  iiiin  r  iliaini-tcr  ot  tlu  dii-k-tric 
shi-atli  111  till-  ii->i>t,iiii  I-  tniniul.i  tin-  ti  nil  iwhu  li  becomes  zi-ro  when 
£/,  d.,\  is  a  inultiphi  I .  iml  m  i!m  i  .ipacity  formula  it  is  a  divisor.  In 
each  case,  therefore,  it  should  bi-  as  large  as  {K)ssibii',  a  condition  which 
Would  be  attained  (i.i  l)v  using  ,.  groat  thickiif>s  of  diflcctric.  and  (ii.  by 
ki(-|iiilf4    thi    ili.iiiiiti  1  .!>  ~iii,ill  .i>   pi)>>ilii.-    i.i-.   ii\    n~iin,'  a  Milid. 

(not  stranded)  conductor — iucf>r-arily.  liowevi  1 .  of  the  pmpcr  turriiit- 
carrying  section. 

The  >ati-f\in^  of  i  iiiulitioii  (i.i  i>  limiteil  b\  inii.-iilir.itions  of  to-t, 
which  increases  rapidly  witli  iiKiear.ed  tiiickiie->  of  in^uiation  ;  whilst 
con&tion  (ii.)  places  copper  above  aluminium  (stv  page  1102)  as  the  more 

suitable  material  for  the  conductor,  because  for  the  same  \alue  of  the 

quantity  "f  the  lUeli-i  tiii  will  ilt-peml  uimn        -i|tMre  nt  i/j. 

When,  however,  we  examine  the  factor^  wliicli  determine  the  didcdric 
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,  c.im.u..n  I  inUlinutrr  ih..  k.  xU-  Joniut  volt.iu.  1- "'C  t""- 
hi  1.  n  ,h.  ..u.-M.,l     l.-n.  ...  n.....   NVl.  n  ,1...  l«.u.uhn.  M.r....-* 

^::;T,r;r^^^^^^^^^^^   -  "r 

^,  ,      ...  m.. .  ...a  u       tl..  u-  ,l.,.t         m..t..ri..l      m..,,  .  v  v 

1         ah>nnnn.n,.on.h..t.nu.  .I.-  ,..K..n...u.    -.w-  .  ■  ; 
„n'      ,|„  ,!„l..tnrxv.l!  M,.nd     hi.lu.  br.-k.U.vvn  v.  b  1  • 

n   .  «.  v.l..l.-.n  -uunn  -„  ,u>.,  1...  ,,.,v,a..,l  th.  muCo- ..f 


tlie  .  oinluctnr  iu  \t  tin-  (li<  l.  «  tn 

.lUy  ,iiu!  iH.i\    !>«•  .  ..mill.  i.  i.ilK 
advant.iK.i.u^  t"   tv-(l.-ii;u  tl,. 
,.iuliu  t..r       .1^  I.-  i.-.lu. .  111.- 
,tr,        MM    tlu    .li.  L  .  trir,  ,^i.<l 

Fiss.  I. -"I  ."i.!   I  -  ■-•  ->''"-^' 
sfction  t\v..  Mi.  li  .  ..ii.lii.  i.  i-  '1' 
-iyni  il  t'.r  a  .v>-kit"N<'lt  raMi  .  st> 
;..  a  ~tn—  .'1   5"  l^'!"" 

vult^    i.K.M.>.i  V'- 
.lit-lectric.    Tli.'      '^'^         '  '1^'  " 
tr.  Ill  a  j)ai.ti»  !>>  -Mi.  *  ■  '  •  i. 


,tli  ,,11.1  '  \  mill. .1111  '  >i!\.iim. 
1  .  I  )ii-li  \,.llac.  w  ak  It  will  I" 


itili.  - 


1.^.  I. 


,  ,1.  li  tl..'  flit.  I   (li.iiii.  t.  I  1- 


Mill  III 

(..S.-  in.h'.  an.!  thr  AxmvV<\  .-.'Pl-r  ...n.lu.U.r  >l...Nvn  I'V  '1" 
Imall'nivl.-^  l.a-  ,,n.r..MnMt.  K  Hi.-  .,m.-  .  m  r,  iit -.  arrvm-  .-..im.  ity.  In 
fTk   l.uia  lu.lk.w  iVa.l  .ul.-.  ..-.V.o       1'  ^ 
bv'nv.ntv4our  -nS.  inch  o.,-,-.  -1'"''  '  ' 

...  IS  >.w..,.  win.  is  -,nn.an.i...l  hv  a  wrap- 

ping o-li;  .nch  tlmk.  ..utM.l.  will.  1.  tu,  nu  mi,  ..  ...  ; m.  i .  ..n^  ■  ^^  '<■^ 
^^h  u/tlLir  turn  are  o.vr.l  by  a  l.a.l  ^luatli  .  ..k^    1  - 

ha^  a  :nii,  h  Muall.  i  .  ni  v.mi,.  tli.m  it  u.  iv  .Irawn  ..v.  r  a  .tran.l,  ,1  .  ..pp  r 
Conductor  ot  .av  i.  K-  ^.u  ..  .  whi.  li  ....1,1  liav-  .i.  aMv  AM-  th-  •  urva- 
ture  and  ah.mt  tlu-  >amr  .  i.n,  nt-i  arrviiit;  .  apa.  UN  . 

^r.,/,.-.'  //,.■  7'<.7.v/-a.     Th.  nad.r  -.,11  liav.  Kallun.l  ....m  th-  ...... 

L'oine  tint  in  a  Mn^l-'  '  <t.-  -  ablr  with  a     rt.ctlv  h-m.-p  tu.ai^  dul.ctric 

•stris  un  tlu.  duU-ctru-.  h  .nai.M  n.ai  ih.   ...ndurti.i,  .a-A  .hmi-.-h.-s 

•  UurH.I  .fthr  l:,UI:r  ■•.  ./  /  Mri...t  tin^.o.^n.  Vol  I.U»..  !>  59 -"-M.. 
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outw.irtl-  t(i  tin-  >lir.itli.  'I'll!'  (l.iii:^rr  i-  thfirti'ii  tli.it  il  tlu-  \-iilta£;c  is 
f(»rcf(l  up,  till'  (liflfctiii  will  I  Im-i  to  tlic  1 1  hiIik  ti ii  Ih  Ihii-  the 

avfrajif  voltafjf  is  rfuclifd  at  which  tlic  diclrctiic  wuukl  bivak  down  '\i 
the  slope  (if  the  potential  were  uniform.    This  led  Colonel  O'Ciorman 

ill  ,111(1  iitlii  1-.  -ill.c.  to  ,lil\oi  ,itr  tii.it  till-  illi  In  tlii    ^lioll!  1  In-  ^l,lile(l 

ill  slieeessi\i'  la\ilS  ot  dltferellt  lll.itrli,d>.  so  that  eitliel   (i.l  the  iheleelrii 

strength  of  each  layer  shall  be  proportional  to  the  stress  in  that  layer  ; 
or  (ii.i  In  m.ikim,'  the  ^pn  it'u  resistanee  of  the  iniii  r  l.ixci-  lowt  i  than  the 
a\-.  r.i^<-,  so  that  thr  I'.i'.  oii  tlir-c  I.iviTs  shall  lie  reduced  ;  or  (iii.)  by  using 
materials  for  the  inner  l,i\ii~  ot  l.,\\(  r  (  ini  indiu  live  capacity,  so  that 
the  potential  f;radient  in  these  layers  shall  be  reduced. 

The  subject,  thoutih  interi'stintf,  is  obvioush-  a  \iry  technical  and 

Comiilic.ltrd  one,  ,llld  c  m^idrl  ,1 1  ioll--  I'f  >li,icc  do  Hot  ,dlii\v  to  iKAilop 
it  lieic.     rile  cost  ol  111, unit, ictiiriiii;  aii\  ol  the  graded  c.iblo  indic.itid 

would  lie  greater  than  that  of  a  cable  with  a 
Itoiiii 'i^'ciii  iiii-.  dirlrctric,  and  jir.ictical  men  ate 
not  r\i  ii  \ct  (oiniiKcd  tli.it  the  extra  cost  is 
iiwtilied,  i>prci.ilK-  when  the  risk  ol  the  L.i  .ided 
c.ible  being  less  reliable  than  the  other  is  taken 
into  account.  .\s  a  coni])romise  the  "  intcr- 
sliidlh"  ( ,ililc  li,i-  i I  11  ]iiiijin~i(l.  Thi-  con- 
sist- in  iiitiodiicing  into  the  body  ot  the 
dielectric  one  or  more  metallic  layers  and  of 
"  .mcli, .1  inu  "  tlii  -c  ,it    iHi  di  tciniincd  iiiti  r- 

llU-di.lti-   [Il  itrllti.lN.        IlitWctll    till  (lltftrellt 

f;.;.  i,30i.-sinsie-ct>re  c;abie  oiih      nu't.illic  laxi  t^  ditfc  reiit  dielec  tric-  pi.'perlv 

One  "  Inter>heatli.*'  ,    ,         ' ,  ,  ,      ■  i    i  i      i  ■   i  ^ 

graded  would  be  inserted,  but  each  du  irctric 
would  itself  be  lioinoi,'(  neons.  Such  an  intersheatli  cable  is  slii  wn  in 
I'ig.  1, 2o,;,  which  i-  aKo  taken  from  Mr.  Hea^  c  r'^  ]i.iiii  r.  The  cuinlurtoi- 
are  Ki  15  s.w.i..  coj'pi  i  wiii's  surroundini;  a  le.id  tube  0  0(1  iiit  li  thick,  and 
tlienisi  h  es  surrounded  by  a  lead  sleeve  0-05  inch  thick.  Surroundini;  this 
thri'r  i-  l!h'  ;:i"-t  thickiii  ^~  ol  |ia]iir  dirKctiic  o-=i4=  '.i>  li  thick,  ,ir<',  thi 
intei  iiicdi.iti  h  .id  >lit  ,itli.  s.  o-ot  ill!  li  thil  k.  altrr  w  liicli  coiiir~  the  s, , ,  ,nd 
l.iyi  r  ol  paper  dielci  tiii  o'5()5  inch  thick,  and  the  outer  lead  slu  atli  o  lbo 
inch  thick.  The  iiit.d  diameter  is  ;  _'7  inches,  and  the  lable  is  designed 
for  a  Working  voli.i-e  ol  75  kilovolts  ;  the  m.ixiiiniiii  stio-  in  the  dielectric 
at  this  \oltai;e  i-  '      ilo\cjlts  per  ceiitiiiu  tie. 

.\u  interesting  i.  ustructioiial  detail  recentlv  iiUroduci  d  in  the  "(do\  er" 
cables,  with  the  lu.iin  object  of  facilitating  jieriodical  inspection  and 
ex.iluilKiti'Mi  ol  th.-  I  (Midition  of  the  calile,  1-  the  "  te~t  sheath,"  wllich 
coiisi-ls  ot  a  thill  (. oiidiicting  layer  just  iii-ide  but  iiisulati  d  troiu  the  outer 
sheathing  and  enclosing  thereioie  all  the  line  comluctors.  The  use  of  this 
sheath  will  be  explained  Liter. 


Testing  Cables.  T...  n...,h,..N  -  wl^h 

A.  .v,anls  ihv  voltap..  this  slu-uld  ,m.f.;rahlv  !«■  ""1      '  '\ 

vc.lt,,:;..  is  used  for  an  A.c.  cMr  or  vu.  .os.  .  U  -I.uum 

Uua  ;  i.at  matters  in  a  breakdown  te.t  i.  the  ;  '  1., 

the  R.M.S.  voltage  nu.^ured  on  '  V'''  i  u!'''  -'•l^'"^- 

^•ie^v,  the  actual  test  voltage.  M      '  '\    ,  voltage 

unn,ce>>aiy,  and  al-o  b.  wuiM  .  aniioimn  ^  ^^  ^^ 

it  mav  Kive  rise  to  ine.pu  n,  iauU^  .Uu  U.  n  ....  ^^"-^  ^ 

the  lH.riod  covered  .>y  a  K---^  n!:"  n,-...n  -  abl... 

The  mo.t  nUen.stn,«  --^  ''^^^  ^^^  ,iua  the  du  l,  .  tnc  can 

becau-.-  n.  liu-.'  th.'  w...ku,L;     ,-.ur.>  art  cables  intended 

.xpeeted  t..  stand  .a..  K  and         ---^  •  ,1^1,.,,  test  tf  the 

to  work  at  40  kilovolts  U  svdl  b.-  ,      „,,„.,  .,.,newhat 
t.,t  v..!'a:;e  b..  i.K,  kilovolts;  l-r  hmlur  ^^o.lsm^  ^""''r"_  ^,..,,.„ 

1     ,,,.,1    n  .melv  abont  twie.'  the  w.  '.i.Mv  v  'l-u' • 

lower  ratio  may       u^d    '  -'  "^  ^  .u„„.,ont. 

As  reKard^          a  nure    tla~h    t.M  '  '   '  '  , 

a.  it  n,av  f.ul  to  d.cover  incipient  .an  ^  , 

than  half  an  honr    ts  necessary  to    nM,  ha     .                        _  ^ 

in  the  cable.    Thi>  .^  '7'\i u  '\      ./i    . l  '.^^^ 

a,„i.  il  there  is  an  nu.  .>h.ath  n  tl,-  .aM     i  ,.^„„„,,  .,{  ,ludectnc 

t,,.  ,„„,„  ,  intermediate  V.  ta.e  .  l;l        ^.    '       ^  „  K.-.t- 

I'v-v-   -    t;":;,;;v  1'  .::v;'..o     1-  --t---^- 

ing  becim-  appv.-.  iabl.-  at  A.'     tu  v 

V,     I  M.l  K..U..rM.  . M-.M    I  AVIN'. 
.abU-^  de>cribe<l  m  the  !a-t  m  .  ti.  .>  i  i  > 


distribution  purp.  s.-  I  'l  l-  lun  .   -  j  ^^^„naiti..n~. 

1'—  t..  be  cniphcl  wuh.  and  th.'  , ^  Ul-.n. 

,,..,e       to  the  evolution  o,  a  few  >  ^'j;;^'  „  ^  a.-.U-d 

The  nieth.ul-  win.  h  a.v  mole  or  1. -s  m  u.inin 
by  saying  thai  the  .able  may  b-  »a..  :  laying:') 

W-*^^  -  '^,T!nl  nl  .  rwttl    buunun  .ano  insulating 


I  i6o 
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Ic)  In  niuU-rground  ducts  nr  i-diiduits  into  which  the  cables  are 

ih;iwn.  (Thoc  air  kiicwn  a-  "  I)>\iw-ii'.  "  -y-tcms.) 
■'dj  On  >r,hk(is  in  specially  Iniilt  nr  ixi^t;!!^,'  suhwiiys. 
Direct  Laying*. — The  first  method  [a)  calls  for  little  comment ;  but 
it  is  ot  the  first  im|X)rtanc<-  to  j-oint  out  tJi  it  cables  so  laid  nni>t  be  well 
"  armoured."  as  described  ebewliere  (v.- pagr-  1151  to  1155  .  and  that  the 
!!!•  t.il  of  the  armour  must  be  surrounded  with  -» r\  iiij,'s  ot  jute  thoroughly 
impregnated  withjbituminous  or  other  compound  calculated  to  protect  the 
armour  from  chemical  action  in  the  soil.  Such  a  cable  is  laid  in  a  >hallow 
trriKli.  l  .iiiil  li,  i  ii.iin  -tiT..  ~:  (li  li  t.  !i<.n-  matt,  r,  -lirli  a<  a>li(>,  etc., 
likely  to  injure  tile  c.diie  nm>t  be  removed,  and  soil  f(,r  packmg  brought, 
if  necessary,  from  elsewhere.    The  process  f)f  laxnng  a  cable  bv  the  side  of 

.1  '"umi\  rii.id  is 
-111  i\\  n  in  big.  1.^:04.* 
The  cable  is  paid 
.■If  the  drum  on  the 
left  as  it  IS  rolled 
.11. "11,:,'  tile  ri.:Ml,  and 
is  >imply  lifted  in- 
T.i  the  trench.  If 
i.l>-;t  i.:k>  --ucli  as 
w.itiT  or  gas  pipes 
.ue  met  with,  it 
in.i\-  be  more  de- 
>ii,ible  to  cut  and 
re-join  the  obstacle 
r.Uher  than  to  cut 
and  re-join  the  cable. 
111.  . mM.  -hmil.l,  in  \iiw<.f  luturr  i  (.iitiiigeiicies,  be  .maiiged  in  a  straiu'ht 
lini  .It  ,m  1  M  il  (li  jnli  and  di>tance  from  >ome  easily  recorded  permanent 
relerc  lire  line,  >uch  as  a  building  fine  or  a  kt'rb.  When  laid,  the  cable 
>hould  be  eoxcicd  tir-t  with  one  (.r  two  imlii-  ..f  -il.ct.  il  tin  11  with 

warniiif^  bo.mls  or  tiles  not  it  --,  than  o  iiu  he>  wide,  and  liiiallv  the  trench 
-hould  l>e  lillcd  in  ,ind  well  i)miiuil.  Tlie  warning  boards  or  tiles,  the 
latter  being  preferable,  are  to  attract  the  attention  of  subst-quent  e.\- 
cavators,  so  as  to  guard  the  cable  from  accidental  injury  from  a  pickaxe 
'■r  otlit  r  t.idl.  A  \i(  w  i-  cnrii  in  I'iv.  1.J05  of  a  ^li.illow  trench 
in  all  uiban  (h>tiict  with  a  large  number  of  armoured  cables  in  process  of 
being  laid  direct.  The  view^  shows  the  tiles  covering  some  of  the  cables 
already  l.iid,  -onie  cibh  -  in  tin  tn  nrh  r,  .ulv  t..  be  (  ..x  i  icd,  .md  .i  cable 
being  haiulled  by  the  w<  iking  gang  and  ready  to  be  lai<l  in  tiie  tieii.  li. 


Kig.  i,ao4.— Uirctt  Layinj;  of  a  Ujbk  in  a  I  reiich. 


*  I  or  itiis  .md  several  of  ttic  other  t'lRures  in  this  section  the  .uitl-.or  i-,  in.iel.t'  .1  \q  t'. 
Me'Sr".  W.  Cilo-.crand  Co.,  I.:r,-,  tftl,  -  f  %!anch?«t-'r. 


.jo.irttsv  of 


CAPr.F.-i.A y/.\'.  .S"r<7-/;.w5 


I  i6i 


SoMd-lald  Systems.-  -n.-  principle  un.l.rhiiv.'  ti>.-^  -v>t..n^  xv..s 

.a.Uon.  pa,,  on,  as  a  cheap  method  uf  pn^ect-n,  the  un.U.. 
<-aWe  without  the  n  .  nf  fxpcnMve  ann.ninnf;.    Tins  pnnnple  . 
•  h  e     11  II  a  I 
moiired  cal'l' 
in  -iilul 
men  or  similar 
material  ron- 
taiiiiil     ill  a 
suitalile  tnnii;li 
into  which  hot 
b  i  t  II  m en  is 
poure<l  in  itii 
after  the  '  .il'l<  ~ 
are  placed  in  ii. 
In  -iicceedint; 

body  ol  r\i"  11- 
ence  ha-  .i<  <  a- 
lliulaled,  tlie 
laults  of  vari- 
ous method-  I'l 
applying  the 
principle  have 
been  trackrd  lo 
details,  small  and 
depends. 

The  material  of  the  troimh  mav  be 


th 


LJleal 


.,n.e.s  and  eiunvnafd  Us  nnpioven.enl-  in  tho.e 
„,,„n  which  the  dnrahilifv  of  the  practical -.>>teni3 


■d, 


i-t-iri.n,  colli  I'  te.  a-phalt, 

tin  -I',  ^^ol  '^\  W.I  -  1  he 
hrst  to  he  u-  d  iiid 
i-  -till  eniplvyid. 

I  Ji.'i  -hows 

wiiuli,  with  -■■nie- 
what  thicker  wood 
and  more  nuidern 
bridge  pieces,  would 

1     1 1,   «,,ud  now  «-ed  H  not  k->s  than  |  inch  thick, and 
Stai  be  good.     lheUuudl  o%S  «-CU.  ^^^^^^ 

replaced  hy  a  lap  joint. 


ic.irly  vattern). 
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Ccisl  iron  tiniifilis  are  usually  iiiaili'  of  im  tal  j  iiuli  or  'i  inch  thick, 
and  111  ;  U  i  t  aiul  d-fct't  li'nf,'tlH  ;  tin-  -loc  k  -i/t-  luu  fiMiii       iiu  In  -  wiilr 
by  li  iiulu-  ilfcp  to  7.1  iiichis  wiilr  by     imius  iUr[).    A  >itlf  \it  \v  ami 
section  tlirouj,'!)  the  joint  of  a  standard  trough  are  given  in  l  ii;  i 
The  joint  is  a  butt  joint,  the  butt  of  one  length  resting  in  a  lip  on  the 

lower  surfaci'  of  the 


AtTtffKATWt  Covin 


Lip  Jqiwt 


*^Qot.T  Mint 
-Side  View  and  Section  of  Ca*t-iroi.  Tr.mgli. 


bating  system  ol  an  uiliaii  di-tiiit  Iuami  111 
than    sixtnn    cabKs    are    being  siniuiianeously 


tiilldwinu;  length,  the 
two  lengths  being 
l)olte(l  together.  Two 
l)attirn>  ale  >h'i\M)  I'T 
tile  I'oNcr.  Thr  iMii- 
iiss  of  laving  the 
caMi-^  in  sni  h  troughs 
.1-  pait  111  the  di>tri- 

I  11;.    I.Joi^.     No  ItWrl 

laid  in  four  parallel 


Ccmiiil  tii'iiu'i-  and  iispliiilt  troug 


truiiuli-  pnpaiatory  to  the  running  in  of  the 
('al)li  -.  a-  in  Fig.  I.iu(),  rest  upon  brid^;!-  pircr-, 
by  tlistanee  pieces  abuve. 
used. 

La-ll\ ,  a  ,»(  tii  i\il;1i, 

made  by  .Me»r>.  Doultnn  aucU  1 
ol  Lambeth,  is  shown  in  Tig. 
I,J0().  I  hi troughs  are  made 
of  hard-liurnt  glazed  earthen- 
ware, and  are  either  rectangular, 
as  shiiwn.  or  U-sliapcu.  The\ 
are  in  J-feet  l(>ngth.>  with  a  spigot 
and  ki  t  iiiint,  in  w  iiii  li  ii'  ■ 
eriiUMit  is  UM.'d,  and  ai  L'  prn\  ided 
with  covers  made  <if  the  sanir 
niateri.il,  with  to  lit  tlir  in 
side  I'i  the  tnmgii.  Spn  lal 
bends  are  made  tiu  1  uim  >.  w  hi  '  ■ 
must  not  be  negotiateil  by  break- 
ing the  straight  troughs.  As  tliL- 
length-  ail'  shdit,  tiiey  nui>t  be 
carefuUv  bedded  t<i  ensure  an 


warm  bitumen.  These 
md  air  also  krpt  apart 
IV  aNi. 


Fig.  t,3t)3  I.ay!ng  Cables  in  Cast-iron  TraaKbs. 


even  support  througliout.  and  pockets  must  Ih'  cut  to  receive  the  sockets. 

Tlhiii-h  wuiidrii  'i;-.'W,'.  v  in-i'-  pmi'M-lv  cillid  ^.pjiuilcr^.  as  -hnwn  in 
I'ig.  i.Juf),  are  -till  ii-ed,  thur  u^e  Is  II. 4  iDii-idrnd  good  piaetiee.  especi- 
ally for  lead-sheathed  cabUs,  where  tin  1,  ail  rest-  i\pon  the  wood.  The 
wuod,  however  treated,  is  mure  ur  u  r-r'  hsgiosCupic,  and  sooner  av  lalti. 
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(Imit  taiv  is  requind  in  laymtr  a  -H'l 
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,ln.,"d  n.  1-t  I'i'"""" 
uuh  u,l  ,uM 

,,U...!  >u  th-  tnu...  " 
-h..uM    n.A.i  b. 

i,.illt-    l>etW.  en 

Ih,.  n.xt  l.uu—  fth.t 

„,VVU  in  the  imuie  H  tb..  un 

,n.  .n.-    The  bitunun  ...  .-n' 

 e.,.l      l...i'..'lt..  Ibn.htv.uub 

:,,„-,ant    -tnnn..     in    a    int.  h 

l„„ler     ef     O.UV.U..,:-      .  4M..tV 

,!„■   w..ik   in  li'ii'l- 
,   i„  .hunUl  be  d..n.'  m.eb 
,,nd   in    thi..     "I  b.u. 
U-,.    .ti.T-     aii.l   HI  til.- 
.l,P  .  ti..n  in  whieh  tl,-   .  abl  - 

1-.  !  mil.  -  tlie  t.eiuil  1- 
HKln>...uwh.eli.a~e  t!. 
i„  ,l,  ,uM  be  ^tatted  at 
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the  lu\vi-t  ptiiiit.  The  liii.il  tdpping  nit  slnnikl  fill  tin'  tnuigli  tn  ovt  r- 
flowing,  and  the  covor  should  be  pri'ssrd  hard  down  into  the  bitumen 

whilst  it  i-  >till  ]il.i-tic.  It  tlic  t"i)liiif,'-iii  W  too  r.ipid  the  copjur  and 
Iciid  lit  it  \<v  K  ail  -lic.itlndi  i '1  the  •  mMc  will  hcionif  (l,iiii,'rri>u-lv  Imt,  and 
will  expand.  i  aii~ini,'  tiir  ralilr  tn  li\ic  kir.  ,md  ill  t  xtii  nir  <  a-i>  to  li-r  right 
out  of  the  trou|;;li.  I  lie  trough  >houhi  he  covered  with  selected  soil  to  a 
depth  of  y  or  ;  inches,  the  trench  being  then  fiHed  in  and  well  punned. 

Draw-in  Systems.  Andtlicr  -i  t  ni  im  thod-  for  la\iiiL:  nmlemround 
cable-.  c(iii>i>ts  ill  laying  pipts  or  ducts  in  tlu'  groiiii<l  with  nianiioles  at 
>uital>]e  pn>itions  and  (Hstances.  Wlien  the  system  of  ducts  is  completed 
t'lr-  ■  ,iMi-  can  lie  drawn  in;  Iience  tlie-e  nieilmd^  are  known  as  "draw- 
in   '   -\  -t'  in-.     Till'  c.diles  fill-  tlir<e  -\-tein-  ,ll"e  n-ii,dl\    li  ,id->lieathed, 

\\ii!i  a  111  jute 

over  the  lead  to  protect 
the  latter  from  damage 
limine:  t!ie  ]iroce~s  n{ 
drawing  in. 

The   materi.il-  com- 

moillv  U.-ed  !■  iV  tilr  ilucts 
air  ill  11,  >ti '111 ware,  fibre, 
> I  I  i!ii  11! .  W'llere  in  <n 
1-  n-(  (1  it  is  lno^t  Ire- 
i|iientlv  in  the  I'inii  ef 
(  ,,"-/-;;•<';/  pipi^  with  tlie 
ii^-ual  .-i)igut  and  >iicket 
joints  in  6- foot  or  o-foot 
leiigtlis.  and  x'arvini.;  in 
I  ia- i,.!o.— Laying  of  Doulton  Sion*ware  Ducts.  internal    diameter  tliiin 

i^,  iiiclus  to  4l  inches,  the  metal  being  from  \  inch  to  }.},  inch  thick. 
The  joints  are  well  caulked  with  \,irn  .mil  lead.  The  iitterinr  of  the  pipes 
rluuild  lie  snionth  and  fn  e  liuin  all  iiiieriial  jiri iji  i  lii iii-.  and  the  exterior 
should  he  ri'.iteil.  lietnrc  laying,  with  -onie  preservative  cninpound. 
II  i/i('/i-s's-.m'ii/  />//>!  s  in  40-toot  lengths  are  alxi  used  ;  they  arc  much  thinner 
and  lighter  than  cast  iron,  and  the  iew(  r  joints  are  a  distinct  advantage; 
the  exteriiT  i-  ])riitei  ted  against  eurro-imi  h\  a  wrapping  of  impregnated 
jute  cloth.  \\'>-(>:ii:h!-h<in  pipes  are  only  used  ;or  spei  lal  work,  as  they 
deteriorate  rapidlv. 

Ihiit-  or  cunduit-  III"  li.ird-lniriit  i:!(izt\i  stciitu-tirc  .ire  niaiiut.ictnred 
li\  Well -km  i\\  11  linn-  nl  patter-  .mil  h.ive  lieen  wideK'  11-ed.  .\  trim  li  in 
wliicli  a  -i\t\-w.i\-  Dnuh.n  .liiidnil.  inanutactured  1)\-  Doiihini  .nid  Co., 
Limited,  of  Lamlnth,  is  being  laid  is  <hown  in  Fi",  The  ducts  are 

rectangular  in  Miction,  and  are  manufactun  d  in  short  length.-  with  sets  -  i 
1w<\  three,  four,  or  six  duct  ways  in  one  moulding,  and  with  sizes  of  duct 
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..n.  varvin,  fr-,.  a  inches  to  4  '-^''l^f 

-^^r"\'^^'^^^^^-^^^   

"Tf   .::^n^''     hJ   u      ;    tlu.  t.vnd.'a.v  UlWUvuh  .....t..  wU,. 
.,  t,,it    II,.  ni  nil'  li\   t!ii    -alUi-  tirui. 

v.:;:!;;,  ..:auln..u:r  .  ind...  t..  4  ..>.  l.-^.  in  ..-"r  .tan.lara 
len'iiths  up  to  ^4  inchfs.  had.  --rt  l.a- 
:pi..nt  an.l  a  socket  eml  with  cniu- 
;,o,m^n  U,un^>  ca..  on.  The  joint 
Lde  l.v  i.uMan«  the  ^in.^.t  .nf,  th. 
.„.  ket,  Nvhicli  It  tus  so  tiKhily  that  only 
■I  U^tiiii!  of  Russian  tallow  and  rcMu  h 

;,..,uuv,l  t.,  uMk,-  a  u  I  iuint.  (Hhor 

details  can  W  mad.-  out  m  tho  tiguiv. 

With  stoneware  conduits,  whu  h  owmi; 
t,,  noc.-.ui.  -  ..1  manufactur.'  aro  made  m 
.l„rt  kn^th-.it  w  vovy  .  ..ontial  that  th. 
whole  structmv,  wh.  n  la.d.  .h..uld  » 
evrnlv  supported  throughout  .n-^th. 
^,vcial  attention  should  thereto,.-  W-  pa.d 
t,,  the  preparation  ot  t!.o  treneh,  and  U 
deemed  necessary  a  eonerete-  toundat..... 
of  suitable  thickness  should  he  laiu.  i, 
i,  „bviou~  thai  a  subsidence  ol  the  Mip- 
porting  groun.l  would  lead  to  trouble. 

F^brc  conduits,  consiM.n^      uL.v  .(,.,, ^  i,,„„i,- 

p..rtectly  straight  and  car.-ful  y  ln^ed  up^    ^       "  'J,,^ 
towards  the  manhole,  and  all  iKM  ket>  ur  vvhaU  Nvaiei 
Ix'  avoided. 


lig.  ,..-.a.2-I...Mn.  ..I  -SjUi-  Si.,.«w«.- 

.-  saturated  witli  hii'.iuiu,..u- 


I>cviati>in  in  ruule. 


F.r.F.crniciiy  /.v  rur  SF.kvirF.  oi-  Ma\ 

Till'  hitiiilhil,^  \\hh  li  .irr  ii(  i  i  >~.iry  iii  tlu'S*'  systi  iii^  >liiiulil  hr  i  .in  liuiy 
<UsiKned  and  constructfd  with  the  best  materials  and  worknwii-liii).  Tliev 

should  Ix'  ven- 
t  ilatcd  and 
lii.iinrd,  ,111(1  if 
till''  latter  bf 
not  ixK^iblf  a 
-mil])  iiM 

lie  pi  I  '\  idrd  ,it 
t     I'  lii\Vf>t 

point  troni 
w  liicli  .ici  uniu- 
l.iii  ilw  iii  rcan 
1 1  i>,iili  (l  troni 
lime  to  time, 
riir-r  nian- 

'loll  -  .Mr  ll-cd 

ilraw  pit-i 
and  lor  joint- 
int;  con-ccn- 
tiw  Icn^llis  '  f 

cablt.'.  An  illu;itrali(jn  of  sucii  a  manhole  is  f^ivi  n  in  l  ig.  1.J14,  which 
shows  a  pit  with  four  cables  passint;  thronph  it.  Reference  is  made  later 
on'ti'  till'  jiiini-- 

figure. 

Subways. 

-The  most 
-  a  t  i  t  a  (•  t  n  r  \ 
methotl  of  run- 
ning under- 
ground i,il>!c^, 
from  tile  jxinu 
of  view  of  ac- 
cessibilit\-  and 
conw  iiit'iicc.  is 
to  carry  tlit  ni 
on  s  u  i  t  a  b 1 e 
brackets  along 

a      ui  ,  ^.^^  1,214.-  .Manhole  for  DrawiiiK  in  and  Jointing, 

-liown    ITl  llg. 

1.213,  which  depicts  liii  interior  r.f  sucli  a  subway  witli  some  cables  in 
position  on  the  left-hand  side,  but  witJi  accomm<jdation  for  many  more. 
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whit  h 


]inmarilv  t' 
,,tli.r  UM-  all- 
av.til.iMi'  till 
i  lcrtrH-  -  powi  I 
tran^Il1i-~i|"l• 
A  iiKt.il'l'  tvp< 


generatin;;  -tatiun  m  the  M'l.-tati-ii~. 

Identification  of  Cables.-\VlK.n  nu,u.r„u~  ,abK^      ,     , ,  ",,1..- 

.•,mV  Tun"  a  rapi.l  means  .,f  idrntitication  is  mr.ssa.x     In  '       '  ■ 
or  other  laWK  .,av       ,.,  ,1,  but  ,nav  ^^^t  ^. 

At  intermechatc  pu.nts  the  ,„.l.le,u  ''•-'-7'';'';,    t     i^tv   u  tl  r 
sheathed  cables  Messrs.  (ilover  ^  Co.  have  -olve,  the 
.•Glovrib"  cabl.  ^  m-  the  .nnple  .lev.ee  of  muul.Ung  ^hght       f^-^^  ^  ^ 
projections  or  "r-bs  '  ah.n,  the  exterior  ot  the  lead  sheath.    L>  ^ar^n■. 
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till-  n  l.itivc  i)u«itinn^  ami  iiuiulii'ts  of  tiuM'  ril)s  the  iIilU  iiiU  cable*  of  a 
lari,'!  i,'ii)ii]>  c^iii  l>r  luadr  ci^ilv  tli~tini,'iii-lial)lr. 

Jointing'. — It  is  obviously  iiniio»ibli',  in  thu  ({lui-ral  case,  owing  to 
difficultifs  of  manufacture,  transport,  and  installation,  to  ensure  that  the 
insuiatid  ( I  indiictiir  or  rahlf  iK  twt  i  n  twu  di^t.mt  puiiit^  -li.ill  !)«■  sinj^lc  and 
homoK(iK'ou>  tliniunliniit  it-.  ii  iij;tli.  At  oiii'  ..i  muih'  |»iiiit>  new  Iciifjtlis 
of  cable  have  to  Ix-  joined  on  to  the  ii  iit;tli-  llrt•\■i(Hl^|y  laid,  and  therefore 
some  prun  es  of  jnintiiii;  lia>  ti>  be  di  \  i^i'd  \vlii<  h  will  maintain  the  continuity 
of  the  cotnltii  tcv  and  tlic  rtln  I i\ riir-.-  Ill  till'  in>ulatiuii  in  bnih  ca>e>  at 
a  standartl  no  l-ui  i  tlim  tliat  ■  Jitunin-  in  the  eabU'  ii-  lf. 

Tlu'se  ol)ji  (  t  -.  ca^ih  -.tati'd,  aif  by  no  mean>  easily  attained  under 
varied  and  coiiipN  v  piaetieal  conditions.  There  are  tliree  tjener.il  methods, 
by'one  iir  ntliri  I'l  wiiii  ii  tlir  iiri>lili-m  i  an  !>'■  -'il\rd.  uanii  K 

( i.)  A  jointint;  prmos  by  whuli  tlir  two  t  iuU       joined  t^fittlier 
by  a  joint  wiiicli  more  or  less  nearl\-  rejiroduces  when 
tmi-lird  till'  clictiiiMl  and  niechaTiical  conditions  of  an 
unjointrd  anil  ciiual  l<  ii;,'t!i  of  cable, 
(ii.)  The  Usf  of  ^iinie  mechanical  fitting  <  tMMni^  jnm  tions  to  be 

made  more  easily,  if  not  quite  so  satisfai  turily  as  in  (i.  . 
(iii.)  The  use  of  a  special  joint  Ik)x  which  incidentally  may  be  made 
to  itt.lin  Millie  addiliuiial  olijeet. 
Solid  Jointiii!^.    Methuil  (i.),  which  may  be  >uiciiu  il\-  de-cribed  as 
"  solid  "  jointintr.  is  far  preferable  to  either  (ii.)  or  (iii.).  where  a  "  straight- 
thniui,'h  "  joint  i-  required.    It  pre~rnt>  a  nuicli  i    iter  tini--li,  and  when 
Wi  ll  done  is.  electri;:illy  and  otherwise,  the  i)est  -nhitinn.     Th.  dr.iwback 
liis  in  the  difficulty  of  satisfactorilv  in-iil.iting  the  nmdu.  i  .r  at  the  joint, 
as  this  is  an  •   ?ration  which  can  only  be  atrusted  to  a  well  trained,  care- 
ful and  skilful  man,  for  if  carcle^.  '••      unskilfully  done  it  may  be  impos- 
sihli   li\  inspertion  or  by  any  electrical  or  niechaniral  te-t  to  dctert  bad 
\\  I 'rkin.m.'hip  immediately  after  the  eoinpk  tiun  uf  tlu' work  ,  .-.uoner  or  later, 
howevt  r.  tumble  will  ensue  and  the  consequences  may  Ik-  very  serious. 

Til'  ai'tu.il  j.^iitinu  ut  tlie  i  eiidiirtor-  i-  ,i  --inipler  nuitti  r,  tlmugli 
tlii^  iiiiuire>  nuieh  ni.ini|iiilati\ e  skill  and  j)r.ielice  where  many  -tranded 
calile>  .ire  being  joiiiti  d.  With  all  insulated  conductors,  before  aii\  aeiiial 
jointing  is  commenced,  the  first  step  consists  in  stripping  off  the  insula- 
tion, etc.,  for  a  sutlicient  distance  from  the  end  to  give  the  length  of  bare 
conductor  necessary  lor  making  the  juint.  This  niu  iMtimi  should  be 
performed  with  clean,  dry  hands,  and  the  exposed  insulation  should 
be  protected  with  clean  tape  during  the  subsequent  jointing  operati'^ns. 
V.ninu-- inLHhi ids  nf  jointing  conductors  are  ^hiiwn  in  I'iu-.  X.2Xh  t<i  i.22  \. 
The  simplest  joint  of  .dl  is  a  twi-teii  juint  lur  single  lupper  conductor.^, 
such  as  is  shown  in  I'lg.  r.iib,  the  wire-  being  t'lined,  twwted  together, 
and  soldered.    In  this  prcKess  resin  only  (not  anyl^soldering  tluids)  should 
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be  u^l  a,  flux  and  ordinary  t.n,n..n-,  r,  cnM-  ' >  '^^^^^^^^^ 
„,        an.l  Tuo  sharp  end  of  ..uh  muo  ^.       'J  I  '  J'^^^ 

down  and  ult..l  a^-unst  the  other  wire.  ...  a*  to  have  no  tendenc>  to 
into  the  insulation.  .  -Phf 

For  stranded  conductor,  several  tv,-  -i  ''^  the 

••scVrfed  •  joint  shown  in  Fifi.  J.ii7  nrst  s..ldenng  sohd  the 

ends  of  the  -ti.iiKl-   — ^ — 

of    each   conductor,  '(gg^ — }       r-J-=>  ^^"^^^ 
and     then    scarfing  J«... 

1'"'"  "rlr"urJ^cs    ftrst  well  tinned,  are  '  together  vv.tl.  Une 

two  scarfe.l  surlaccs    n  ^^^^^^  ^ 

strands  are  Iirst  separat.  d  as  >lK.un  in  1      i  -i^     ^^^^^  ^^^^^  ^ 

inarneil"  joint.  In 

thi-.    ji-mt    th.  well 

I..;  1    7-^  >  ''•=<*  1  '  "  tinned  ends  are  ne.xt 

....     .1  r  .,   .,iw>wn  111  FiL'  I  .JKi  and  then  soldered.    The  result  is 
twisted  together      ^-liown  iii  t  i^.  <■->■  i 

not  cood  as  the  joint  show,  a>  an  ap|.rcc...l>le  ..x.  rrx  ence  on  tht  ral.  .. 
'TeUe   jon.t.  ..pecumv  for  cables  sutU  n.nete.n  or  nu.re  strands, 
the  ■  telescopu  '  j-iut,     ^.age  of  which,  for  a  th.rtv-seyen-^tran.  .  .hie 
L  J,  in  i'lL'    I  '•>.     Tlx'  o.,uluct..r.  iMM.ig  1m. n  bared  and  three 
;;c^S";  Jed  l;.r  oC^hp.  .  strong  b.nder  ..i  th.n  w.ro  is  l«und  on  each 
cable    three  inches 


from  tin;  end  to  kee]) 
the  untouched  wiie> 
in  place.  Then  either 

(1.;  the  cif^hteen.  •or 
vvire>  of  the  first  cm- 
ductoi  are  spla\i<l 
iMi  kand  the  eigh  «-en 
uuiei  wires  of  the 
second  mt  olt  >li"rt 
at    the    binder,  or, 


A  "  M»iii«l  "  J-  mi. 


ai    w.-    T~'r-\    ,  u    .h.  i  iiLi.-  \MM    .1  .  ,1.  li  coiKluctnr  in  tin-  outer 

n  f  ( 1,      n    a  e  repeated,  but  on  (i.)  the  cutting-off  side  .s  re- 

^i'^'-r';  J,',";  "  L  ed  or  a  butt  jouU  got  ready.  N  ery  accurate  htt.ng  « 
ll^^ntialm^lf  these  operations.    The  cables  ..tng  then  la.d  together 
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tli(  it  l.iiiv.  [M. -III. .11-  ,111(1  iiuiulxT^      ti,,  till'  ilitfiTi'iit  cables  of  a 

I. Hi;'-  I, 111  111'  mailt'  cimIv  (lixtlli;;ii,-li  iliji 

Jointing'.  It  obviously  imp)-"il)|i  .  iii  tli.  i;i  lu  ral  cast-,  n\vin«  to 
dittu  ultit*  of  tnamifacttin*,  traii?<|>t>it,  and  install. iticni,  to  t-nsun-  that  the 
infill  iti  il  cnrnlttrtor  or  ( abli'  Ix  twci  ti  two  (li>t.'Mt  puitit^  >liall  Ik-  sinwlo  and 

hiillli'^i  liriiii,  thiullLlli'illt  it-  I'  liL'tli,  At  I'll.  ..|  ii|..ir  |i..iiit-  iiru  |.  n;;tll- 
of  lalili-  liavi'  til  Ih'  jiiilli'il  mi  tu  tin   li  lli^tli-  plr\l"ll-ls  Lllil.  ami  tlu  irluro 

Minii'  proii  ss  i<f  iiiintiii!;  Ii.i^  ti>  Ix-  <1<'\  i«<  «l  \v!ii<  h  will  maintain  the  continttity 

1. 1  ih.'  I  iiiiijiii  t"!  ,ii;i|  til.   i||.i'i\  -  .,|         in-Ill  itimi  in  In itli  imm-'  at 

a  -tamlanl  ii"  l-wi  i  lli.iii  lli.it  •  .1 M  i ' lun.;  in  tin  lablr  It- It. 

rill -I  iiiijiit-  -II  f,i>ily -1  It' 'I    III  l'\  11"  iiif.iii^  fa-ily  attaini'il  iin.lcr 
varicil  and  iiiiiii>li'.\  |>ra<:tit  al  i  miilitinii       l  lu'ic  arr  tiiiii.'  ;;i'iU'ial  nu'tliiHi- 
hv'ont' or  other  nf  wliidi  till'  piohli'iii  i-.iii  l>r  -iiKi'il,  naiufh' : 

(i.j  A  j.'intini;  pi  ne—  li\  win.  Ii  tin  lu..  riid-  .m   j..ini  i|  t"L,'rtlii,r 

l)\     a    Jiillll    wliull     llli.H     (ir    Ir—    lU-.llU     IrptiiillKl'-  wlll'li 

lini-lii-d  tin-  clfctrical  and  mcthaniial  ((iiiditinns  nf  an 

tinjiiiiiti'l  .iiid  ii|ii,il  l'!ii;t!i  I'l  i'ai)K'. 
(ii.)  Till-  ii-r  lit  -iiiiii  iiii'i  haul'  il  iiitiiii:  rii.iMin-  juiii  tiiin->  tu  In- 

matlf  more  iM--ih',  if  ii  't  i|iii!i       -.it i-i,i.  i. .i .i-  in  [\  . 
(iii.)  riif  u-if  iif  a  ?in'(  .,  I  jnint  U«\  which  imidentallx  iim>'  he  nude 
til  attain  -iinie  .Hiditioiial  object. 
S"li  i    l":iitni::      Mitii'iil  (1,),   wl'.ii  li  In    -ii.  '  in.  lK-  ili-.iil"  il  as 

"  Milld  '  jiiiiltiiit;.  1-  l.ir  [iirterahle  to  eitlu  r  (ii.i  iir  (iii.),  when,  .i  "  .-tr.ii^ht- 
thrnutih  "  joint  is  re<piirod.    It  pnsents  a  niitch  neater  finish,  and  when 

Wi  ll  (ImIIi    i-.  i  ll  rtlii'.llh'  and  utlli  l W  i-r.  tlir   lii'-t   -iillltii'll.       I  ll'  dl.iwli.irk 

Iir-  111  till  dillicultv  (4  ?..iti-l.ii  ti ii ih  ni-ul.itiiii;  tin  i  ..iHliirtm  .it  the  jnint. 
a-  tlii-  i-  an  uperatiun  which  r.iii  mily  he  entiii-tnl  ti.  .i  well  trained,  care- 
ful and  skilful  man,  for  if  caiele->ly  or  unskilfidly  done  it  may  be  inip><- 
sihli'  h\'  inspection  or  by  any  electrical  or  mechanical  te-t  to  detect  hail 
\\i  rkni  i : ; -!iip  imiueiliateK-  attrr  the  ri.niiileiinn  iif  the  wnrk  :  -iiiMirr  nr  liter, 
hi.wi  v  1 1 .  truutile  will  ensue  and  the  ci)ii>ei.iuences  may  In-  \ery  -eriou?.. 

The  actual  ji  intini,'  o|  the  conductor'^  is  a  simpler  matter,  though 
tlii-  iiijiiii'i--  iiiui  !i  iii.iiiipiil.itu  I  -kill  and  pi.ntiri-  wlni.  iii.inx  -I  i  .unliil 
c,il>ie>  ale  heiim  imiUed.  W'ltli  all  iii-ul.ited  cnnductur-,  lielnre  .iii\  .n  tual 
ji'intint;  is  ccnnnenced,  the  hrst  step  consists  in  stripping  off  the  insula- 
tiiiu.  cti-.,  liir  .1  -iit'tii  ieiit  di-t.mre  frnni  the  end  ti>  i;i\e  the  length  ul  h.ire 
ci iiiiiiu  ti ir  iiri  i  --.ir\'  lur  making  the  joint.  Tlii-  ii])ei,itii)n  ^hllllld  be 
pertiiniii'd  with  (Ir.in.  div  li.iiid-,  .md  the  e.\pn-ed  iu-ulation  shuuld 
be  ■•  1  'ed  with  clean  tape  during  the  >ubse(|uent  jointing  operation^. 
Va        1    fhods  of  jointingr  conductors  are  shown  in  Figs.  1.216  to  i.2J 

'yilfi  .         ,,...1    ji'int   lit   .ill   I-  .1   !\\i-Ti-i!   i.iin.t   I'll'  -in'_;l.-  iiiiint-r  i  ,  itiilji.t  i  n- . 

such  a''  is  shown  in  l  ig.  tlu'  wue-  being  t'luied.  twi>ted  together, 

and  soldered.    In  this  process  resin  only  (n^t  anyrsc^ldering  tiiiids)  should 


/,  /  \  /  /V,;  rvf  C'.yrri  r.w 


I  ),.iiit-  air  III  UM-.  Mil" 
i,,  ,,,-t  -..M.  imu  -"111!  the 


W  use.l  as  nux  ana  ...Unary  t.nnun  ,  .4.1.  r.  ---'-J 

.,f  tin  nn.l  !.•..<«.    The  sharp  end  of  ra.h  %vu.-  -!.-<M  " 

1  ,.„.  .1  ....nu,t  Uu.  ..tUcr  wm..  ...  a.  t..  l.av.-  «..  t.  n.l..n,        « ut 

into  tlie  iiiMilalii'ii 

For  stramletl  con.hut.n ^  t\ 
s.  irf.d"  joint  -hown  m  l      i  -ii; 
ill.'  -ttali.l- 

an>l     th.n  Mailin'; 

"dT'.-rX    ..r^t  well  Un.ua.  ....    l...un.l  ..,..1..  ^  

;;;;;;;''sr;i.;i:.:".r;h..\lhe  r.t tu.  .a.,...  wh...  ..to 

ki.  ii  ill  VI.  w  in  all  j.iuun»g. 

1„  ,n...t  methods  f..r  jointing  Mran.l.-l 
stramU  are  first  sep^iratid  as  shown  in  I  k  i  ' 


^^^^ 


uliich  ilhistrat.--  tli<!  Iii^>< 
•.tagp  of  making  a 
•  iiiatri-.r'  I'liiit  In 
till,  )Mint  thr  wi-ll 
tiiin.  il  .  ii'l--  .111-  II. At 

l.  as  tlic  ,..nu  sh..w>  a.  an  appr, .  lal.l.-  .  xcp  scence  on  the  ra  ,  . 
ri«.ttrr  joint.  .-.iKciallv  for  .  abl.  s  unl,  n„u  t,  ,  n  ..r  .....i.'  ^  ■  . 
.  „  ,,,  ,  ,  ,„,,  ■•  „,  ,„  ,,  -tagcof  Whi.li.  l-.i  a  tl,irtv-.fVfn-strai,.l  .al.k-. 
;  ;;;,wn  u  '  -  .  ..o;  H.J'condt.ctor.  having  l..-.n  bar.-.'  ..n.l  three 
iluhrallow.  a  (.:.  ..verlap.  a  strong  hinder  ..f  thin  .ire  is  l».un.l  on  each 
c.ilil,'     thii-i;  iuchf- 

(i,,in  tlu:  LHll  to  ki'.  l> 

till'  u:iiMUi  lii  .l  wii<  - 

in  place.  Theneitlu  i 

ii.i  thctight.'enout<^r 

\Mi,  -  iif  tho  lir-t  (  I'll 

duclor    ave  bi>la\..i 

hack  and  the  eighteen 

,,\itii    wires  of  ill'' 

vit,,n.l  cut  ult  ^^hori 

at    the    binder,  or 


..luh  cumliutor  in  thi>  outer 

VI' 


n  n  ,1  ,  i.r  lu  1  are  r.'iK'.ited,  but  on  U.,  the  cutluig  oU  M.i.-  re 
126 
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with  the  scarf  or  butt  joint  of  the  inner  wires  in  pl.ice  the  t^velve  inter- 
mediate are  !aul  .n  plu  ,.,  bound  down  w.th  tnined  soft  copper 
b  n^Sig  wne.  and  sweated  .,lul.  When  cooled  the  bn.hng  w.re  .s  removed 
and  the  outer  eighteen  wire,  are  laid  back  n,  place,  and  m  their  turn  are 
told  down  anci  sweated.  In  ,hw  way.  by  careful  niampulation  a  sol- 
l;::;;;  j.inu  n.ay  be  bu.lt  up  u.  .pp.— nately  the  same  diameter  of  either 

""wuirconcentnc  cables  the  procedure  .  n.ore  ->"P«catecl  as  th. 
.n.ur  conductors  must  be  jointed  and  m.u  ated  ^^^^^ 
ductors  can  be  dealt  with.    Th.'  dilf.  ulty  then  is  to  joint  these  oute 
Suctors  without  n,un,.  the  inflation  below.  ^^^^^^X^:^ 


lerable. 

Although  we 


have 

described  bnetly  tlie 
above  methods  of  joint- 
ing, like  all  workshop 
processes,  they  can  only 
l)e  satisfactorily  learnt 
111  the  workshf^p  itself, 
that  is,  by  actual 
practice. 

Instthiiing  the  Joints. 
-  The  above  remark  is 
still  more  .ipplii-ablf  to 
this,  the  ne.\t  and  much 
more  delicate,  process. 
Mal.n.d  of  tlie  sune 
nature  as  that  of  the 
dielectric  of  the  cable 

to  be  jointed  should  alway.  be  used.    The  -t.factory  insulation  ot  a 

,1,  an  uuUanM.  cable  requires  great  -per--.  which  a 
U  acquued  in  the  workshop.    No  reading  of  a  book  can  "uK 
jointe;,  and  we  .hall  not  attempt  to  de.cnbe  the  ^^^^  ,  ^p. 

generally,  the  joint,  carefully  cleaned,  is  wrapped  w^th  pure  mbb  P 
vulcanised  rubber  compounds  are  then  wound  on  ^     J^^J-  '  ^^;;;  ,,,,,, 
requuedth.cknes-h.i.ln  .  n  attained  it  is  bound  with  r^^^^  ^^^^^^^^^^^ 
taoes     The  next  process  is  that  of  vulcanising,  which  <^o"f;^ 
Sr^'uie  jointUly  in  liquid-wax  -mpoiuKl  an  ^ 
at  a  constant  temperature  for  a  certam  period  of  t.m..  ttie  an  a 
used  being  known  .is  a    cure  "  or  "  vulcaniser 

The..."taRes  of  the  proce..  of  insulating  the  muer  e„nduaor  of  a 


lig.  i.»2o.— A  "Telescopk"  Joint 


arc  illustrated  in  l-ig.  in  winch,  howev.r. 


.1!  tU.d 


,.(  t  is  ti>  seal 
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tlK  .  ivN  ..f  tl.r  rublvr  .>i-  bitnmm  c-.il.lr.  tlu^  ,onchi.t,.i  M  wlnrli  lu. 
b>..  n  .  ,,,,11.  .  t.  .l  to  a  t.-imi.ul  tl.imbl.'.    I"  ^t,i^.'  a.  thr  .  ..n.JtM.n  havmu 
,,,„..,lv  lu,va  ..n.i  .nt.  tlu-  ,l,uul-l,    -l:--  .....   and  .1^^'- 

Urtuv  hra..l.MU  an-  >li..wn  ,w  l.aMU^  L.  .  ..  u.  ,„K  'nnnu,  .!  .L.wn  ...a-K 
for  th..-  ai.i.li.ation  ..f  thf  insnlathiK  ruvrini;-.  l  i  1^  t!,.  ...n.lu.  t..,  .um 
,hu  .A,...-.-.l  bav..  l-.n  ..u.-h.Uy  uian"'-!  ^^'^l>  tlu-  IMI..'  .ul.|..i, 
vuU  ..UM  ,1  rai.lH  i.  lUM.lat.nu  ta,..-.  - 1.  ..  m.-ntin,,.  .1  in  th.- la^t  paia^Mai.!,  , 
C  show.  ti..  ...M.latinK  NV.a,.,..n«  alt.  .  Lnnj; ruu.-r' ;  a.ul  alt.-,  l-  .n^ 
neatlv  tiimiu.-.l  t..  pv.-  a  gu...!  liui>h. 

I-or  cables  papcT  slrevcs  f-r  tl..-  j.-.nt-.  -  a,,  b.-  supph.-.l  In  th. 

makers  or  imp.,  .nat.  a  Un  u  tape,  ca,,  b..  use.l.    Here  apm  great^car.- 
and  practic,:!  ^I.'M   -  '  i.lK    i..  vLw  ..f  tl,,.  n 

prut.-.-tiiiy 
til.-  .li.l'.- 
tii.-  trcia 
the  (laiig.r 
i){  till-  pt-ne- 
tration  .t 
ml'i^tuI<- 

W<rhUu- 
vwn  rablc-, 
w  uh  llif  111- 
s  u  1  a  t  1 11  u 
tai)o  >up- 
plii.lbyth. 
maker-,  til. 

prod---  1-! 

applyiiiy 

in.''  uMU-nal      much  more  easily  carried  out,  and  .mly  r.-.pu,.-  ..  a 
c  ue     Th.  tmal  h-atinq  to  form  the  wh..le  into  a  honu.Krne..u-  n,  .--,  ■  a.  b 
effected  bvn.nnerMun  m  nK-U.-.l  ../...kerU-  ...  Uuun,u  ,  ...np.un.l,  an.l  w 

un.;t  IK.  d,me  hot  connK.und  .nav  1..  bal,  d  .v..r  the  ,.n.  , . 
lamp  earefullv  used  will  Rive  the  re.iuired  t.-nn-  .'tu.  e,        h  1-  ab.  .nt  .  4  ■ 

oa  pa...-  no-      '"ore  apph- abU-  to  bare  .-.m-hL  tor.,  e.,>.-,-ullv  th..>e  -f 
alun.m.mn,  than  It  IS  to  cables.   V-Aeitlu  1. mi.  1.  mni>.  . 
l,,,,,n  ..n  .abl,-  m  p.-ition-  uhwh  (re-pieutly  ....ur  m  .miu-  a.i.l  <  1- 
vh.-..  ■  .u  ^^h.d,  nak.  ,l  h.ht-  an-  prohibit.d.    Th.-v  >o.n.-tnm.  take  he 
^  m  ..f  Minpl-  .  lan.p-  ...  ..ub  win.  h  a,.-  .-...t  -at.-.aet.ny  e.the 

m  r  ..  all  ..r  elecmcallv.  h.  an^  ea.-.  .ueh  a  ..n.u,  when  covered 
;":;,!  -  Ll..^  ,  matenai  leads  to  a  large  excresee.u-..  on  the  cable  after  th.- 
process  ot  .    atiltg  has  been  fompU-ted. 


.iiabl. 


li 


H  ^1 
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Necessity  has  led  to  tlie  prnduction  of  litiiiiL-  \vln<  h.  it  tli.  v  i  annot 
entirely  remove  the  last-nameil  objection.  ,it  Ir.i-t  give  -,iti-Kictory 

mechanical  and  electrical  sohitions.  \V.  |.i  .j. tn  d.scrilw  two  of  them, 
made  l)y  Messrs.  (.l"v.  r  and  <,'<>..  "iir  -miplv  d.-.r.  witli  the  jointing  of 
the  metal  conducturs,  tlie  otlur  covennt,'  up  and  ncitly  insulating  the 
metallic  joint  on  the  type  of  cable  for  which  it  is  deMi,'ned. 

Thi-  tn>t  of  tlu  -e,  a  fpiin  Iv  ni< ch  inical  connection  for  the  two  con- 
ductors, but  presi  rxing  throui^li  nunienm-  contact  surfaces  tlie  electrical 
conductive  continuity,  is  shown  in  Figs.  1.222  to  i  224     iM  tli.  M'.  Fig. 

1.222    shows  a 
completed  joint 
in  -<itii'ii.  and 
\        a  pi'V- 

~pt  (  tUe  view  of 

the  external  ap- 
pearance of  the 
same  on  a  sinal- 

Kit.  SMtii.ii  of  .Mt.  li.inii.ll  SIccie  .t.  in-  J,.|-    sCalc.  Fig. 

1.224  -liows.  also  or.  a  small  scale,  the  component  jiarts  of  the  fitting. 

I'he  inner  wire-  .1  I'l^r.  i.-J.'  of  tlie  -tr.iiided  lal'le  ci.ndiKtc'r  are 
brought  in  line  for  a  bull  joint,  and  the  outer  wire>  rr  are  i  puKd  out. 
The  split  sleeve  ss  iFig,  r.224)  with  its  outer  coned  surfaus  is  jilaced 
i.vrr  the  butted  iiinei  win--,  and  the  cuter  are  arraiii;ed  nmnd  the  cones, 
the  coned  gl.iiiiU  ,1;  and  tlie  nut  n  Imviiii,'  been  tii-r  -lijiid  d  over  the 
ends  of  the  eablr-.  The  glaiid>  are  n><\\  drawn  tnw.inl-  tiie  and 
the  screw  tiireads  engage  with  the  tnreads  on  the  nut.  On  die  '•ide 
tlie  thre.ids  are  right-handed,  and  on  the  other  side  left-handed, 
turning  the  niit  in  the  iii,'lit 
direction  the  gl.inds  are  tlrawn 
therefore  together,  and  coni- 
ple^-  tli<  (iiiti-r  cc\er  oil  to 
the  surt.ic>->  oi  the  >plii 
cones,  the  latter  being  thus 

pn  --ed  together  on  to  the  surfaces  of  tli  ■  inner  wires.  Tlie  le-ult  1-  a 
joint  meih.iiiicallv  strong,  and  electrically,  owing  to  the  effective  surface 
contacts,  a-  U"-.!  .1  coiKhuloi  anv  other  p.ut  of  the  (,iMr,  the  titting 
Iwing  maile  ot  high  conductivity  guiiinet.il  when  UM-d  .  n  r..ii]ier 
cotuluctors. 

!  tittiiii;  1-  il-o  well  .uliptid  iof  aliiiiiinium  conductors,  in  which 
case  It  1-  ni.id.-  ol  .iliiininuuu  tliroii.i;liout.  ,1-  to  ,ivoid  the  electrolytic 
troubles  refer  n  il  to  el>ewhen'. 

The  second  ntting,  shown  in  Figs.  1,225  and*  1,220,  is  a  ca>t-!eail 
-leeve.  .Old  is  rathei  ol    the  nature  of  a  simplified  joint  box,  but  it 


Metliiini'- 


l.'int  (  -  tn; 


Mkciia  MCA  I.  /  '  /.V  ;  . 


H  111  P.illlv  a  m. ,  lMlii>-al  tlttini,'  U~r,l  l-r  Ir.n!  . -v.  l ,  ,1  .-.il.l.-  rl.,-tll.. 
allv  ciiiM  Uinu  tlu-  l.  aa  >h,Mthm-  uf  tlir  t\v..  .  .!«!.  >  m  a  tl,. .t. .nclilv 
satHf.i.  t-rv  in.inn.  r.  It  also  prnvi.U>  faciliti.-  t.  t  ni  ulatm^' tli-'  j-uii  in 
"^1,,.  ,,,.,„!,,,  t.  1-  In  Im  I  tlir  two  lialvos  ,,|  tlu'  >lccvc  an-  >\v\s\\ 
slipp.  .!  1m,  k  111.-  two  ,  abl.  -.  til.'  rnn.hirtors  of  wiii.  li  haw  Invn  vn  \i- 
ously  jointfd  .nul  ,  ..iv(Mllvin-~ul,it.  .l  l>v  ..nc  of  tl..  in.  tli-.i-  .i1i.  .h1v  o  Ml  ■! 
to.  'Coiiint.  niinL;  with  the  joiiitii!-  .it  the  -tafjc  -liown  in  l  ii;  i  tli.- 
next  M.  i.i-  to  j.lacf  tlu-  two  h  of  th.-  -l.  rvc,  tir^t  .  airlullv  .  1.- inr.l, 
in  p..-ir.-n  ovrr  thr  i  'int. 


and  tlun  t 
togcthi  I  in 
that   tl.t  tw', 
h  h  an;  oil 


■,1  lew   1  lirin 
-nch    a  wa\ 
lilhnu  hole-. 

I  111-  c  i  lll  !>■ 


Si    ^0  S 


projectini;  lluiu;.  i-  n.  \i 
beat'  11  '  'Vcr,  and  thr  i  >  nto' 
jouil  <'l   th<    -li'>'V«'  i-  wijM'd 

all  loni!.!   with    in.  tal 
ensure  u  l-  ni^,'  wat.  i ti,L;ht 


.•nt  I'ail-  .'f  Me 


.11(1-  of  th< 


.1.,  v.'  li'  Xl  to  th.'  l.  aii  of 
th.-  rahl.'  av-  tli.n  ,..,th-  Ix'at.n  .lown  ,.,..„  „  U  t^l.o  !" 
voll  ^M^■d  plnM,l...r  >  jomt  i,  ma.i.'  on  ,  a.  1,  .  lu 
,  nil..!  ^M.n        niM.latm.  n.in,.onnd  thn.n.h  on-,  of  th.'  h..l.>  .l.- 
.Ui.  r  lii.    .....nu  a,  a   v.nt   aiM   tl.    n-ual    ,  ■„  ,  ant  i.  .n^  h.  ui.  tak.'n^ 

j,„,,,v,  ,lK..o  hok'>  an.  d...'.l  wuh  th.'  ...  w,.i  yU.,^.  wh,.  h  in^_.  a  •  d 
down  with  sold.r.     Th.   lmi>h.'d  ionU   w   -hown   m   l  i.    ■  ; 
.om..  of  th.  -.  joint,  an'  ^hown  in  ,>.witi..n  ,n         1..14  l^^^ ; 

Miilth-r.r,- 
/•.(;'.  M.'th- 
od-    -uudar  to 

that    jn-t  d. 
V,  iili.'.l  .  an  1" 

n-.  d  i"iiii- 
i.n  iiin  1 1 1'  "I ' 
I  al>l.      hilt  tili- 

,n  th.    dilf-  !•  nt 


-hould  be  suftkiontly  lon^  I.t  ih-'  j-nit- 
Ma^^M•rc■d-that  is  nut  to  U'  .TpuMte  f.  ..n.-  anoil.  ,  ,11  tU 


lead  >h''\.' 
cort'3  t"  1'' 

^'lotnl-  liowev..-  wll  an.l  .anfnHv  ma,,.  a,M  -"^ ^ 'n'hi'^^S 
I,.  i,nd.,l  an.l  tn'ated  a.  w.'uk  i-la.:...  an.l  .  ..-n  th-  -  .1,;  >-  •  ■  1  - 
for  lu  'h-volta..'  n.m'nf..  st.U  hirth.T  ,.m  aut.on-  an    ta.,  u  " 


Er.ECTRiciTy  /.v  /•//a  Skkiicf.  of  Mas 

thi.v  .  n,,  ,  ,,I>1.-  I.'i-  u-^^'  on  a  .;(),<>(H)-v..lt  transnii>siun  lin.'.  Tli.-  thivr  coros 
with  an  in-nLitrd  joint  on  cicli,  atv  -liown  .  xpoM  ,1  in  I'iu   i  I'-  forc 

jointiiif;.  lour  luxag.mal  porcfhiin  Mi-aiatois  w.iv  ^lii>i'>'l  "V'l  'l'^'  '•'We 
,n.U,  an.l  tla>c  are  -^lu.wn  brouKlit  new  into  tluir  tuial  positions  so 
to  hold  the  joint:-  lu  niian.  ntlv  ajiart  from  tli.'  adjoininc;  con-^.  As 
..hva.lv  im-ntiomMl.  th.-  joints  ar,.  ,.la,.,l  that  thcv  ar,.  not  opposite 
om-  another,  hut  each  joint  ha-.  nran  ~t  to  it  .nilu..k.  n  (.art^  ..t  tli-'  oth.  r 
two  oon^  In  l-i.i,'.  I.JJS  it  i-  sen  that  tlie  l.a.l  >l(vve  n..w  m  three 
parts  -nanuK,  two  end  parts  cun.d  as  in  l-is.  i.iih.  and  a  new  inter- 

nirdi.itc  iMit  .1  r\hi!dii'  -hape 
witli  .1  rcet.inuulir  opi  iiins  on 
tlie  top  side.    Tlu-e  part-  are 
hown    in    po-ition    witii  the 
li.intrd  rores  and  -i itor^  in- 
,  -111. .     i  ll''  inti  1  111.  di.li.'  tion 
lias  been  eantullv  -wr.itid  or 
.nitonotnonslv  sohlerrd  to  the 
tw.i  .ml  ~i.ti..n~.     1  1-:    i  --<> 
-hows  the  ;,o.oo..-\-..h  I  'iiU  with 
the  insulatinR  .onipoiui.l  tilled 
m  and  r.  ad\  for  ronipii  tion  by 
ihr  -wvatint;  on  ot  tlie  cast- 
l,,id  lid,  whieh  i-  .d-..  -li.>wn. 
With  a  iioiidiygro-eopiL  iiisu- 
l.itini;    eoinpoiind    the  result 
should  be  very  satisfactory  and 
reliable. 

Joint  Boxes.— The  third 
method  -jHcilird  i>\\  page  ii68 
lor  joining  up  Micces>ive  lengths 
of  cables  is  the  u-e  of  joint 
boxes,  which  provide  for  the 
uid  luqu.  utly  also  for  their  insulation.  These 

iioxes  mav  Ix-  of  two  general  tyix^s,  nameh  — 

(1 )  Those  in  wiiich  the  box  simply  takes  the  place  ot  a  straight- 
through  joint,  but  renders  the  details  of  the  joint  accessible  for 
inspetion,  and 

(it )  Those  in  which  there  are  "  disconnecting  links  "  enabling  successive 
lengths  of  cable  to  be  quickly  disconnected  for  testing  or  repairs. 

The  boxes  must  W  sc^  d.  simied  as  to  provide  a  ready  andclticient  means 
of  terminating  the  cables,  which  run  into  them,  and  connecting  the  con- 
ductors to  projx-rlv  insulated  fittings.  In  addition  to  proMd',n  -  i  lec- 
tric  conducting  bridge  between  the  similar  incoming  and  outg..:nt;  eon- 


Kii.  1,277. 


ioiiitiiig  of  the  conductor 


Kit.  >.-  -  •■'«• 

1  Mich  v..UaKf  (  ..'  e- 


„  ,,,.,,,,,,1,.  I.v  -.,„.,I,U- 


;;:;;r;e r:: .^^^^  •  

la  tin-  n  >jh  >  i  tln  v  n  -.  inbu  tii> 

...  Ml  1.,  ill"  -iti-lu'l  ill  v.iii.'U-  w.iy-^. 

All  tlu-^  con.litions  arr  cap.iM.    -i  l  - "U 


^  Fig.  i,»}>- 

Glovef.  Simjlccorf  fahlc  |..i"t  Box. 

,„||,„vi„5  hoNrs  .„«  srioct..,!  h-m  «         p^Xtorns  made  b>  M,»r>.  W. 

s  a  plan.    ^-'^^^  in^n    divided  horuontally 

details  are  indicated.    The  box  is 


Er.Fmncrn-  /.v  Tiir  Sf.ki'icf  or  A/.iy 


at     till'     It'Vll     «>l     tllr  I'i     till-  (,ll>l< 


two  ji. in- 


fill )\vu  in 


Fig.  i.2]<).  Kach  part  larrii-s  Um  hx'A"  1'^  li  tli.  \\\n  i).iu-  >  an 
1),  Im.Ii.  .1  top  tlicr.  lh>-  .  .il.l.s  an-  introdu.  id  thmugli  rin  ular  h^U-. 
at  tlir  .  niN,  into  wliuli  bra-  .  able  Kland-  <.  c  an'  fitted,  to  winch 
tlio  cablr  i>  >w.at,.l  III-  .l.i.i.l-  -1  th.  inland,  -li.Avn  m  both 
drawiti^<s  >liiiuld  bi>  iidt.d.  and  al-i.  thai  a  i>hnnl)ir>  ■  wiiird  '  junit  a  -,' 
seals  wati night  the  cxtmial  orilkf  of  the  gland  win  H'  tbr  Kav'  -iii  atli 
of  till-  labK'  .  nt.TS  it.    Th.'  gland  gives  an  ample  luaring  snrtare  tor  the 

entering  rable  ,ind  avoid-^ 
\tuu  hint;.  I  ul and  al-o  li.i- 
a  lug  /  into  whu  h  the  copper 
bond  h  h  can  be  >\veated. 
Tlu'  le.id  -h  alli  I-  tiimnir,! 
iitt  at  s  .iiul  tlir  pal"  1  m^nl.i- 
tion  at  />,  exposing  the  khi- 
ihiitor  a.t  c'.  I'iii-'  conductoi 
l>  elei  trii  allx  connected  fo  the 
.  ..ndtll-tor  of  the  other  (  able 
by  one  of  the  inechaniial 
titlillg>  de>cribeil  elsewhere, 
rhe  lacing  e<ii:<-  .4  the  two 
hahiS  ol  the  box  ,ire  glooNed 

as  shown  at  .f  .f  <(,  and  when 

tlir    juni  tlon    i~    eonililete.  ,1 

~intabl\  .-ized  bitumen  >  ord 
i-  placed  on  the  groove  .md 
the  top  cover  is  damped 
down.  Tlie  bitumen  cord, 
wliic  li  i-  laiU'  1  th.iii  i>  ,  , 
>ary  to  nil  tiie  groove,  i> 
comproseil  and  makes  the 
j.iiiit  w  atei  iiL;ht.  In  tiie  top 
(o\ir  are  tinve  hoi,-,  11,  /;  //. 
which  ran  Ik-  hertnctically  closed  by  screwed  i)lug-.  .Mter  the  cover 
is  on  and  all  the  jilnu-  removed,  the  box  is  tilled  with  a  hot 

insul.itiiig  compound  through  tli."  hole  H.  the  contained  air  escai^ing 
through  the  holes  li  h.  Various  (  onipouii<N  ,iie  u-ed  with  jv.urini; 
temiHiatures  varying  Ironi  i.jj  (' ■  to  lU-  (  ..  and  >pecial  precaution^ 
are  ohsirved  to  ensure  that  the  air  is  not  tr.ipped  in  the  compound. 
The  (  onipound  (  ooK  in  due  coui-e.  and  the  lin.d  i.-iilt  i-  that  the  b.m- 
metal  jMrls  uf  the  Couiluct^ -r  anil  its  joint  fitting  .ire  le!t  well  einbedd.  d 
in  a  good  insulating  and  watertiglit  solid  mass. 

The  box,  and  the  joint  so  made,  may  be  in  a  manhole  or  may  be  in  a 


Vxii.  I,2J2.— dl'Vii'.-  l;il'K^  in  .\  liri.k  Trwicti,  :>ln>«iilg 
I  'iiil 


/)•  so  >.v.v«  r  TIX>  ■  I.  /  .VA' « 
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trcn.  li  -M.  h  ,1-  i<  -huwn  at  a  in  I'ic  i  .2      >"  ' 

brick  tP  iMii  r..ii-tin.  t' ■!  i'   i  -t  ^'i^  ■;'-  >l  Ci"iin.l 

Til.'  i..mt  l.nx  (l.'Miil.ra  ,iiM,\,  i~  ..I  il,.'  Mini.l.M  tNi-    i-iiiL:  i.T  .1  Miml.- 

•^traii,'lit-thn.nt.'h  linr  ;  l<iit  it     -l.vhm-  tint  ^lu  !i        -  ■  ,hi  1"  -  l.il-i.it.  a 
.,nv  .Atrt       .,  m.i.  matt,  r  .>!  t..ll..\vi»t;  wvll-kiv-wii  jMiihipl.- 

aii.l  luMi,::  .In.'  i.^ai.l  t..  tli.'  ii.-w  . . .n.litioif^  intnuhia-.i.  towlmh  reft-r- 

cncf  lia>  aln  a.lv  Ivcn  mail.  . 

A  r.'.iuir.nu'tit  -^.mL'trnv,  .l.-. , .1.     and  ah.'.i.lv  Kn.  tlv  i.  i.  in  .l  t..  1- 

tlu^  in^.  iti'.n  ..I  a  -  <l,<o>,uhrlnf:  Imh  "  in  tlio  rin ml  .•!  -  a.  !i  .  ..i,.!u.  i.a 
pa-Miv    t!.i-i:^!i  til.'  l  lii^  link,  ..-  it--  nam.'  implu -.  1-  >«>  .l.'>if;n<  'l 

a,  t.i  1..'  i.a.lilv  ivm..val.l.'  w.lli.ait  ir.t.  il.  inm  \Mth  tl,.'  ;.,-rman.'nt  <-....- 
m-cti.m^  ..t  th.'  .  ahl.-  .■..mhirt..rs  ;  wl..  n  i.  in..\.  4  >!p  . -iulu.  t. .1 .  .m 
,       i  iv    iM.lat.'.l  li'.m  ..II.'  an..lli.'i.     In  pia.  ti.  .•  thw  .■nal.l.  >  aiiv 

„..li..u  t  -  1"'  hkhI.'  ■■  .1.  that  n'|.aii-  mav  Iv  .anl.'.l  ..nt  nn  it  with- 

out th.'  a.lj.'Hun^'  ~.'.  ti..n  l"  'n^  pnt  ..ut  ..I  -.  rvi.--'.    It  .iN"  <■".''•''-  -  I"- 
r;ite  s.'.  ti..n-.  t..  1h-  ,  iit  ..lit  l..r  t. -tin-  ..r  ..th.  r  imij)..-. -,  an..  1-  pai IKukii  U 
us.'fnl  in  th'-  . A.  nt  ..f  a 
1>I.  ak.!-  -nn  \n  .-lU'  MTtion 
ot  til''  -\-t.ni. 

Till-  t:.'!!'  ral  ]ilan  ..f  a 

ih-i  .  • "  -,  i'  Ilk  1"  >\  1- 

mv.'n  I'l  1  I 
is  a  p.  r-]).  I  tivi'  vit-w  .'1 
a      (.li.vi'f  thive-f. 
strai-lit  -  thf..\ic;h  l'.'\. 

p„i,  ,  ,..,t,i-  t'a'  tlii..ni;li  an  .,ini..nr  -laii.l  ...  wIil  h,  wli.-n  tt«.' 
cal.lr  1-  111  p..Mti..n,  i>  pa.k.'.l  .pnt.'  at.  rti.'lit  with  HntaM.'  pa.  kntu. 
The  tw..  ulan.l-  an-  omiu'.'t.'.l  hv  a  tiiai.'l  ■■■pi-.r  I'-i"!  .n-ui.  - 

tlu'  .'l.aii.  .1  .ontinuitv  v\  th.'  ^iK'allunt,'.  liu'  .ahl.'  .n.l  l.aMn.;  I...n 
suital.lv  trinira.  .l,  Hk-  thr.  .•  aiv  .oparaf.l.  an.l  ..-a,  h  .nn-hi-  t...  w 

sweated  int..  th.'  M„  k.  i  s  ..1  nnv  ..f  th.  .h-.  •  .1111. .  t m^  pilLi-  ,^^  lli''>- 
are  -^ix  -u.  h  pillar-,  ea.  h  -tan.hn?^  "H  a  p..i.  .'ki.n  l.-t  ,•,  uhi.  h  tit-  n,t.. 
a  wn..n,'ht-u-uii  an.  hor  bar  an.l  whi.  h  in-ulat,-  th.'  pillar  iPau  th.'  i.-u 
of  th.'  h.'V    ih.'  pilk.r.  ai.  ,,n,.n^v,l  in  ihr-.'  pan-,  th--  pillar-  .1  .'.u'h  pair 

facing      "  aii..tlu'r  as  -h..wn.      that  th.'  tw..  pilk.v-  .  an  1  nn.-.'t.'.l  h^ 

a  in.'tallink /,  whi.-h  .'an  Ih^  d.tmp.'.l  Inmlv  .  .n  th.  piUi:  1-.  -  l.^^..l  i.ui- 
Tlu'  pillar  h,.-  a  ni.u  hm.'.l  -huul.l.T  on  which  tlu'  link  i.  -1-,  ..n.l  1-  tin.  ...1.  •! 
al...v.'  th.'  -h.T.l.l.  r  t..  !.  .  .  IV.'  th.'  nut  ;  the  r..nta.-t  ba^'s  .,t  th.'  link-  ai.^ 
also  ina.hin.'.l.  an.l  th' i-       a  tapp.  .1  I1..I.   ni  th.   ..-i.r,   -l  th.'  hnk.  in 
which  ..n  in-ulatiiiu  haii  ll.  .an  b.'  hx.'.l  wh.ii  th.-  Imk-  t..  b.-  ni..v.'<t. 

The  .l.nip  .   i-  f..r  th.'  i-nip..-'  ..f  damping  the  en.ls       th.'  ann..unnf; 
to  pi.  \.  I.!  'ii.  ill     ttni:;  1....-.'^  . 
All  ih,;  pcrm.m.  nt  .  •  .nn.'.  ti. .11-  b.  inu  in.nl.'.  th.'  i>.'\  >-  HlK-l  with  ill'- 
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sulating  coinjxmnd,  as  already  <l<'s(  ribf(l  (%cc  i)atic  ii7'^i^  to  a  It  vcl  just 
below  the  contacts  of  the  discniiiii  rtini,'  link-.    It  i<  inttn-tini;  t'l  note 

ill, it  .1  l>i'\  !i>r  tlirif  I'.ihli'^  I, nil  (if 
I  iiu  li  (  ciniliif  tor  sectiitn  rt'ijuires 

So  II).  weight  <il  insulatinsi  rinnixmnd. 
ilic  jnint  I>f't\vifn  the  uppir  and  lower 
-1 .  til. II-  111  till-  liii\  i-  111  mil  til  ,ill\-  ~i  iilcd 
with  a  hitiiini'ii  cnnl  ^^a-kct  laiil  in  the 
i,'r( 'I  )\cs  provided,  and  tile  liand-hole 
i-  Mia<|r  w.ilritif^ht  In-  a  rubber 
u,i-ki  I  plu  rd  in  .1  t;riiii\i-  anil  i  i i!ii|>rtssed 
i .\  I  !)r  ti^htriiuiu  u]i  I  il  t  111  hntti  rllv  nuts. 

Iliof  boxc-  lan  be  laid  in  tlii'  f^ToUnd 
in  tlu  f^cnt  ralrnn  of  the  cable,  but  anMHore 
.11 1  .-.-ibii'if  ])l,i<'((l  in  in, I  nil'  ik-.  .ind  ,iti-'  usii- 
allysoplaii  fl.  Fig.  I.2.54^h^w^anl.pcnnlan- 
hole  containing  in  circuit  two  boxes  similar 
to  t!i,it  jii-t  ill  -rribnl.    Til.'  wi  iijht  of  the 
l)o.\e<  i-  -upjioiti  il  I'.v  brail     -tn  tching 
across  tin-   in.iiilink Thi    "  juiupiTs" 
joining  the  cable  >heaths  shoulil  bo  noted. 
It  is  often  necessary,  as  explained  elsewhen  ,  to  tap  off  from  the  straight 
tun  of  ,1  I  ii  nil  ,i  -nlr  line  by  what  is  known  as  n  "  Ti  c  "  jnint.  and  for 
this  i)Uipii-e  on  in  aw  circuits  a  joint  box  is  conveiiii'iii.    l  lii'  bn.v;  may 


l-'ig.  T,7;4,«»Manhote  with  Joint  Boxes 
in  PoMtion. 


TtiREE-coKr  Cai-lf.  Ttt  ->''!\.  />'  •»■ 


through  .h^o.nntrtinK  hnk^.    •  >,„  ,.i  il.  \^■^      Mn^l, .  ^hW  w 

.hnwn  m  FiK.  I  -M.V    This  fiRuro  i«  .i  I'l.u.,  h  di  ■  i  win.  h     .l...un  - 
,„,„      |  i„.  .  lii.  f  ,n...lili.'..ti-n.  in  .uMitl.m  In  tl,-  t...t  that  p.-M-i.  u  tnti^r 
1,.,  ,„,a..  ,„r  thr.v  .       ~  .nt.nn.'  th.  l-x.  w  that  .  a.  h        ■  nn, ,  t..,.- 


c  Tc  (  a'  It-  1  ■ '  ioint  lit 

p,llar  has  tu  carry  two  d>...uu..  un.  hnk>       that  it  can  l>.  ^^^^^^^^^^ 

ionrtected  to  or  di.coirnccU.d  fr-m  uth,  r  of  ,h.  oth.  r  l.r.  m  hn  e 
.lands  arc  all  .lortrical'v  connecfd  by  bonds,  a.  partlv  <hown,    Ihr  othir 

features  of  the  box  i.ave  been  alrea.ly  described.  The  tor  one 
.quare  imh  .  ..1.1..  t.^kes  .7  lb.      i^'ht  of  tillinL;  rompoun.l-. 

standard  boxes  are  obtainable  for  all  th-  t.Mial  km.ls  of  eonnveliun. 

of  both  the  "  through  "  and  the  ■■  disconnecting  link    type,  and  for  all 


It: 
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the  Usual  sizis  of  cal>hs  up  to  i  Mpian-  inch  M-ctinn  of  rontlurtor.  A-*  a 
final  example,  V\s.<.  i.zv  .ni'l  i -,r  i^n'  ilrt.nl-  .'f  a  "  ch-ronmi  tm;,'-hnk, 
fhrci  -way  '  Ti  i- '-jumt  box  tor  ti iplc  i . >nK  iitric  (  ilih  ^."  Must  uf  tin- 
'I' t.iil-  ..111  lif  tolldw.d  from  priMoiis  <li-<(iiptioii<,  liut  it  nia\-  W  notid 
tliat  each  cable  mjuirts  six  insulatid  di-'ConmrtinR  pillars,  and  that  the 
iinuT  iiino  of  thi-so,  i.e.  those  towanN  the  rentre  of  thf  box,  ar<'  |)(  rinan- 
ontK'  '"iiii.  .  trd  \<\-  I  .ipptT  !-'Ia]i-  Mill  .It  (lilliiint  lt\il~      rill'  ill- 

ronnt  itiiiL;  link-  aif  Ix  iwi  lii  the        ■.  of  i)ill,u>.  for  i  ac  h  <  .iblc,  so  th.it 

thcii  ..ro  nine  st:ch  links  in  all.    Tln'  i  hii  f 
I     dimi  n-inii-  .hp  i;iv  n  fcr  fho  i  si|ti.i!r  mcli 
L..^     --i/e,  Willi  h  ii  ijiiii'  --  ic)5  111.  ol  tilling  ci'iii 

II        ■   '        Cable  Terminals.  (  IomIv  .i-mMi.-.i 

I      I  M     1  with  the  pr  )I)i«  ins  met  with  in  jointing; 

^^""jO'  <  .ilili  -  aii;  till'  )>i"Mini-  wliii  li  .iiWf  will  I. 

>■  ol   a  partii  ul.ii  tyjK'  ol  cablf  i  nd-,  ,uid  tin- 


.111- 


lirniil  i»  <  arrii  d  forward  in  other  wav-.     Ib'ri'  ai;ain 

flif    loiiilitioii-    ill    ]i!a.tiii'  all  x.iiinl.    l-nt  it 

will  --UttlLr   tii  null  ,iti-  ,iliii  lllil-ll.ili    thr  ll.ituir  ol  liii 

jtr.ibli'nis  it  w.  roii-idi  i  two 

Thu  :^inii)lr~t  (MM'  i>  that  of  a  >ingIi'-corc  (abk- 
which  may  l»f  si'nlrd  by  swcatint;  the  condiu'toj-  -i.lid 
into  .1  tliiml.lr  .iinl  wi.iojiinj,'  tlii-  i  \]...-i  il  .liiliitii'  with 
iiisiil.itii'.i;  and  w .iti  r])ro< .1  tape.  ,i>  in  ni.ikiiij,'  a  joint. 
It  is  \irv  important  that  the  seal  -lioiild  be  ^ncli  tli.it 

111. 'i-tlllr  1  ,11111' it   rlltrl    rillli  r  111  tWi  1  11    tin     ~t  I  .1 1  |i  1.  .  1  W  1 1  .  - 

ol  thr  i.miluclor  Ol  .ill.i.  k  ihi  ilirjii  tilr  it  tin-  l,ittiT  In 
ol  fibrous  inatirial,  -ii.  Ii  .i~  )i,i]irr.  IImu  with  f>tlii'r 
dielectrics  great  skill  and  care  has  to  be  exercixd  t.' 
(ii>tain  a  satisfactory  re>ull.  lilx, unities  of  the  j-ealini; 
i.|  iiilibir  and  bitumen  cables  have  betn  f,'i\fn  in 
I'li.;.  I.JJI. 

With  i>a]>er  cables  more  elaborate  devices  h.ive  been 
found  t'.  lie  di  Hinilile,  and  on.  .^.f  tlu-e,  ,i  " -e.ilnii,'  i,!)."  d. -ii^n.  .1  li\ 
Messr-.,  tiluver  ,iiid  C.).,  i-  -liowii  in  I'ii;,  i.-'.;s,  tixecl  in  the  end  ol  i  le.ul- 
shi\itli'  .1  -ingle-r.u.  paper  cable  ;  tlie  lelt-li,iiid  li.ilf  of  the  tii;iiri'  is  partlv  in 
section.  The  objei  t-  to  be  attaine<l  are  [«)  to  jirovide  conchictiiif,'  connection 
from  tho  copper  ol  the  cable  to  the  terminal  T,  (/))  to  seal  ii]>  elfectivelv  the 
dii'Iettrii  ,iiid  e\ii  .~iil  lojiper  -trand-.  so  tli.it  no  nioi-tui.'  iii,i\'  re.ieh 
either,  and  [c]  to  in>iiKile  the  lartlied  had  sheath  ss  of  the  c.ible  from  T. 
The  base  of  the  cap  is  a  hea\'y  lead  ring  b  b.  sh.i])ed  as  shown,  which  can  be 
sli])]).  il  i.\ii  the  liM.l  ot  till  i.iMe,  beaten  down  .'ii  to  it.  and  made  i|int.' 
wateriii;lil  bv  the  wiped  ]iluin!>er's  joint  it'        On  this  base,  with  a  rubber 
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1,,,:^  »  r  int.'ip-,  .1.  I. -t-  th.  .-iPUii..!  [."i  .1.1111  iiiu;  !^  t 
IMMj.-tinn  int..  \\w  .  up ->  i..nn. -1  i- .  ut  f.  |.  n.th  ,iu.l  it- •  ■mlIu.  i 

1„  tlu-  iHUal  W.lV.    Th.-  ciuliutu.      i..in..l  I..   Av.'l  ur.v.u:  A 

l„.|i  /  /  bv  .1  .  "in.  ninit  in.-,  liaiiicil  i.'Hit  /.  H"!  I'l-'  '  "1'  " 
an  iii-iil.itin-  ,  ■  .lu] - .uti.',  tli.'  ii-u.il  piv,  ,Miti..ii-  Itiiii;  . .l.^.  tA .  .l. 
dn,.-.l  l.V       in.  I  .1  .  '\'  '■  li  I"       "I  I''"  '    ''^  '''\ 

.,  riil>l>.r  w.i-li.i  \>.\UK  iiii.ii<.-'l     l''V  '1"-  'i"  '"-  'I"- 
i^.  (  tltrtivcly  M'.ilcil. 


Clovr',  ll-.t.- 
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Tl„-  .li~,„lv.,in,,u.'  ..1  Muh  -.■..luii;  .  .'l".  ^^I'''''         -.inrtiin.  -  .  .lUM 

pntll.  ,,,1-.  '    W   til.    -IM.r   Wlll.ll   tll.A    ....U|.\.   .HI    lllip.  •!  I    HI    V'W    U  ti,r\ 

liavc  ti.  I..-  l.U.a  ill  t.v.li  l  l.lll.il>  ..1  uth.  l  pLi.  .  ,  ulu  iv  -i.,M  .  w  v.ilual.l.-. 
TIu>  MV.T-all  si/...  f.ir  iiMaii.-.",  f.>r  tlii-  i.,iili.  nl.ir  .aji  f..r  .i  .-..I.).',  "itli  a 
,  ,.n.iu,  t..i  I  -.|ii  .i.'  m.h  in  ..i...,  i-  »^  i'"  1"     -'.Mni,  t.  r  h\  :\  m. -  L-iil'. 

Ill,'  >.r..ii.l  ca>c  H  th.il  ..I      Miiim..!  1m.\        .i  ini.l'  .'•h- 

.vntri.-  i-ahk  whose  (■..n<lu.  t<.rs  an-  t..  l^.-  -  "iitniii.  .1  f.Tw.n.l  l.\  tin. .  Mn.J--- 
.-.iiv  cahli-..  Tlu-  .l.  >i'4ii  "t  -ii^li  .1  1'"^  "•  "  .  .il>l'  li<  "l."  ''^  'I  -  ' 
turns  calU'<l.  (U-ikiuU  ui..mi  whilh.r  it  i-  t..  !..•  um.I  m  tii.'  h..n/..m..i  -.r 
vtrtical  jHisitioii.    The  box  >lv,\\n  in  t  li'vati.m  ami  plan  m  l  ii<-.  i  ^  '.'»  and 


tr 


I.J  JO  i>  fur  ii-r  ill  til.  iii.il  |H,-ir.i'ii.    'I'll'  111. 'Ill  '.ill!'  ''iiu  -  in 

tilt-  right  tliruugh  a  >\\*.itiiiK  gland,  wliidi  i  .in  In-  ni.iil<  \v,it<  iiikIiI  m  iii> 
wnv  alnatly  described  by  a  wif>«<l  phimbcr's  jurnt  with  tin-  Icttl  nf  tht 

'  ,  It  1-  li'  111  in  lil.M  '  l'\  .1  -'I'  W'il  tl.ilii;'  ,  ,1-^  -li.'Uli  'I'll.  \. Ill'  II- 
l.iyt  r-  "1  ill'-  L.il.lc  .lie  I'  ll  .'pu.ilK'  li.ili il  .iiul  tiiiiiiii'  'I  III  tlh  11-11, 'I  u.i\  . 
.ind  tin-  copptT  rondiict'ii  -  .ni  i  uniu'Cteil  U<  tin  ini'in  i-  d  tin  t.nlniL; 
(  .ilili  ^  l'\-  ainvcnit-nt  nu'i  luuin  .tl  litlings,  soiui-  lU  lails  ul  wlm  li  arc  >Ih)\mi. 
I'll'  c"i)|>i  r  i  n(h  of  the  rinn  i  niidnt  tors,  it  iiia\-  be  iiotrd,  an-  can  fiillv 
iMiimd  with  thill  IiiihIiiih  \Niri>.  I  In  1"'\  i-  m  li^lit  .mil  1«  ft  li.iK'- 
wliich  arc  i  vintii.illy  Udtrd  tog.  tlu  r  willi  .i  bitiinu  ii-i md  pai  kiiiK  iinu 
til  nt  ik<  the  joints  tiglit.  Tin:  kft-h.Tnd  h.ilf  carrii  s  the  thrt  i-  t  xits  f<-r 
ill'  1,  'III;-  '  .i|il(;-,  ulii'h  JM--  tlii"iu;ti  -iiiIIiiil;  I>ii-Iii  -  li\' i|  in  tlu  'I  'l 
"t  til'  l"'\.  wlinli  i>  i"ii-iil(  i.ilil\-  thnk'  iicd  to  rmiM-  tlu  iii.  |-..n  li  lui-li 
is  ill  tWi)  ii.irt>,  wliii'li  r-lij)  on  to  tlii-  c.ililc,  arc  srn-wid  into  tin-  '>o\  .nil. 
and  .ire  iii.mU'  tight  by  Ititiiim  ii-ring  ji.ukuig  1hI\m-iii  tlnin.  Winn 
rviiything  i~  in  pl.icr  and  the  1h)X  «1omi1  vip  instil. iliiit;  i-oiii|«iiiii(l  ;  lilli.i 
;ii  lliiuiiyh  ont-  o{  tin-  liol'  -  /'/  //,  tin  oilu-r  In  iiil;  ii-i  il  .i  \'  ut,  iln-  n-ii.i! 
pri  '-.mtions  being  obM-r\i(l.  Win  ii  lln-  box  i>  <iiiit>  (nil  tin-  lioN  -  .ii, 
I  lo-'  '1  bv  the  M  uw  plug--. 

Earthing'  Metallic  Sheaths.    In  "ri.i  n  -<i\i"-.  lU't.  '  \   m  .ill 

imiui.,^  wotk,  Il  1--  lire  \-.  .iinl  '  \i  II  '  1  iiii  iil-"i\  .  ill..:  tin-  iiKt.illic  >ln-.ith 
of  a  (Miwi  r-tr.iii-iiii~-'oii  <  .;l'li  -li.ill  bi- 1  .irlln  d  li\  i  oihh  i  tioii  to  an  t'ttirii-nt 
•  .irtliiiiL;  -\-t'!ii.  If  piop.ily  i-||irli<l  tlii-  i-  tin  l"-t  -  l.'ii;U'I  tli.it  '.,;. 
Ill'  pro\  id<  il  a^.iin^t  electric  shock.  'Mn  jiiet.illic  >lii  ii  retel  l  eel  to  jii.i\ 
I  ither  be  tin-  w.itertiglit  le.nl  ^lie.itli  (li.iwii  ovi  r  ji.i]"  r-in-iil.it' .1  i  .iM. 
or  protective  armour,  and  the  reipiinjnent  is  that  this  -luatli  >li,ill,  in 
all  its  parts,  be  ])rop<"rly  connected  to  a  good  earthing  system.    The  carrv- 

ilU  out  ol  tlii-  leilllilelilellt  lU'-e^-it.lte^  (i.!  til, it  the  slle.ltii  itself  sli;ill  1,,. 

electrically  cuutiiuious  tluoii;.,'liimt  the  whole  length  of  the  run  of  ilie 
cable,  and  fii.i  the  provi-ioii  of  a  i^ood  earth. 

I'll''  !i!-t  c'iinlition  i-,  >atislied  b\-  all  p.irt-  of  eitlu-i  tyjie  of  ciMe  wIik  h 
I'  in.iin  .1-  "iii;iii.ill\  iiKinnt.n  tin ed.  hut  there  iiuiy  be  a  break  of  cuntmuiiv 
win  re\er  then  i~  .1  joint,  .nnl  all  joints  must  therefore  be  carefully  designed 
with  this  re'itiininent  in  view. 

Bonding  of  Jnints  -  T\w  reijuisite  metallic  coimection  of  the  sheaths 
"11  either  side  '<l  ,i  i"int  i-  .uiipK-  MLUird  with  /.-.d/ Ci>, , ;,-,/  '.ihli^  li\-  tli'" 
instruction  l^s..-  p.lge  117(11  tli.it  the  lead  ^heatli^    ale  to  be  niiiile  'V.lter- 

tight  at  the  joint  by  what  is  known  as  a  plumber  -  '  uijud"  joint,  the 
u-ii  it  w.iti  rtiylit  juiu  tion  of  lead  ])i])es  in  all  iiliiinbint;  work. 

With  iinmnD'cd  cables  the  bonding  together  of  th.-  i!iscoii:i'-cted  slie.iths 
IS  not  so  easy,  and  lequur-  -miie  i  .ire.  An  i  .nci  iieiu  ji,  liujd  is  to  clamp. 
'  lose  up  to  the  joint,  a  well-htting  cone  ct'inn  ctor  on  to  tiie  armour,  the 
wirei^  of  which  have  In-en  first  carefully  cleaned.    The  cone  connectors  on 


il  I    .  II,  v-    .1/  fa:  :  /t  I 


,.it|i,  I  -:,|.  ,  1  1 1|,  |..ihl  I  ;  •  II  .  "iiiH  •  ti  il  1>\  -l.'iu  jh-  t  .1  -ti -  "1  -"111.  1.  hi 
.  iiiinit-.  .iiiMii:;  .  .tp.i.  it\ .    Ia  .lui'l.  -  ..|  tin-  ju.tli."!  I'-ii  i;ivn  in 

the        ii|>li'.ii-  ami  illti-li.iti.'ti-  "I  j'liil  .-|..  .i,llv  111  l.L-  i-," 

I  -".1   I  -.'.S.  '"I'l  I  -.'.r'    '       iimi'iu  n  1-  111-'' 

t  ..n«lui  iniu  "I  till- .iiin..iir -li.ill  ii.'i  I..- I. tli.m  5"  1"  I  • '  lit  •  l.im>-t 

,  urmit-.  .iiiMiu  i.lii.t..t  .11.1. .-I. I    .11. Mill-  iiiii-t  .il-..  .ipi'  ■'•II 

(Iti.  tivity  "I  til'-  )<'mt-,  whu  li  -li"iiM  I-  ("  ii'"ii'  tUx  '"i   ■  ''^''^ 

to  il<  tt  i  t  il.  t<  ii'>r.itii'ii 


-•41.    Bon.iln.;  .il  Iic  jpim.  t-B  Hlfh-vitiw  I  wio  c.m.^<:iilri.  t  41-. 


to  I'XainiiU'  r.in  fully. 

F.irHiiii:  <v-tim.  Tlii-  u-u.illy  mii-i^t-.  .if  plati  -  cf  i..!'P<r.  .  .i-t  ir..ii. 
,.i  u.il\  u-.-'  '1  H"!!.  sunk  ill  l  aitli  \\iii'  !:  i-  '  I'ln  i'  1"  nn  ■  nth  w.  t  "i  .it 
Ica-l  a.inii..  TIi.'m;  "  .Milli  pl.U.-,"  .i-  tl.'V  .if  ,.il!..i.  ,.i  •  liv  i  upni;!.!. 
and  pn-f-i.iMv  >urr<nintlt(l  witli  ah.,ut  IJ  m.  Iu>  "1  !■;■  i.'  i.  ."i.  -  •m 

-ulplnir.  Tw.)  jil.it.-  ~..iii'-  "V  i"  i  .q'lit.  wiH  I'L"  •  'I  ' '  ' 
cL.iiii.M  ti  .1.  ;if  iv.i;ai...  .1  .1-  ..li'-nt  twi. .  .i-  <-i!i'  nt  -i-  .i  -ni:,'  pl.it.'  Immu- 
a  >url,i.  .1-  pial  t..  tlf  t\v...  In  1.1.  1.  'Ill-  r....ii-.l  1:  ■  i .mil  •  i  -n . 
nndcr  th"  liamw,t\->  Xft-  rxjuirt'  ciitli  pl.it.'-  t..  1"  ;.!..\  1.1..1.  .in.] 
perio.li.  .illy  tt-tcd  t..lli>\v-.  :  "  Tli.-  -  ntli  c.>nnt<  ti. .ii-  .  .  .  -li.iH  I"' 
constnictiii,  laid,  and  uiaiiu.iin.  '  >o  a        -.iiiv  tK.iii  .1  ...iiti.t  with 
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the  general  m.i-:;  of  .ailh,  ana  that,  if  p..,~,hl,.,  an  i  m.v.  ivt  rxcced- 
inc  four  v..h>  shall  suftice  to  i.ro.huc.  a  cunuu  ,.t  at  Ka>t  Uvo  an.p.res 
from  onr  .arth  connection  to  the  other  thnn.^^h  th.  .arth,  an.l  a  t-  -t  -hall 
be  mad.  ..nr,  in  every  month  to  ascertain  wluther  this  miuuvrntnt  i> 

complied  with.  '  ,       .  , 

\s  to  the  size  of  ihr  platen  th.iv  is  M.n-  cnllu  t  of  .xp>  .1  ..pm  on. 
Th,.  Ifoni.  (niu  ,  ir-iuires  them  to  he  "  not  k»  tlian  4  ieet  M,uaiv,  but 
Mr  \  1'  riottri  ,1-  a  result  of  careful  experiments,  consulers  that  a  cast- 
iron'plate  iS  ind,,  <  --puuv  i-  th-  b,  ~t  ~ur.  M,.  h  a  plat,-.  [  nv  h  thtck. 
all.AVN  a  good  bond  to  be  made.  The  onnect.uns  to  ti..  cuth  p  ate^ 
must  be  made  bv  properly  protected  conductors,  and  no  fuM  ,  >xvitch,  or 
ciiT.iit  br.  aker  is  allowed  to  be  placed  in  Mich  a  connection  or  in  an  earth 

conductor.  ,  ■ 

Electrolysis  Trouhh-s.-^Thc  effective  eartlunu  ot  the  .-In. ah-  1-  an 
i„,portant  factor  in  minimisinR  electrolysis  trouble,  due  to  leakage  cunen  s 
of  various  kinds.  This  subject,  however,  will  be  more  convemently  dealt 
with  in  the  chapter  on  Electric  Traction  [see  pages  1381  et  seq.). 

VI. —SYSTEMS  OF  TRANSMISSION 

An  elem.nt.uA  description,  brief  but  fairly  exhaustive,  of  the  various 
practical  ^v<tem>.  as  distinct  from  methods  ot  transmission,  has  been 
g"en  in  Vol.  I.  iscc  pages  376  to  58.).    The.o  -vstems  n.a^•.  for  our 
preLnt  purpo.  .  W  ,  onveniently  summarised  here  as  foUows,  U  txing  borne 
n  mind  that       are  dealing  with  long-distance  transmission  at  voltages 
o  Wgh  that  some  method  of  >t.pping-down  is  required  at  th.-  consumer  s 
1  to  bring  t'ae  voltage  within  the  limit>  allowed  fur  ordinary  utilisation  :- 

(\i  Continuous-current  Systems. 

Two-wirr,  with  tr.m-forming  sub-stations  m  series. 
(B)  Alternate-current  Systems. 

(<()  Single-phase,  two- wire. 
{b)  Two-jihase. 

(i.)  lM>uv-wire. 
!ii.)  Three-wire, 
(t)  Three-phase.  „ 

ii.-  Three-wire,  star  or  delta  (i.e.  "  mesh  )  connections. 
.1,    hour-wire,  star  connections. 


ei!i 


(li)  Polycydic 

Three-wire,  single,  and  tlur.  -pt 


,„,  ««■<•■<-  (»•  "ill  probably  !«■  >v.ll  umkT.f.i.  by  our 

1;:;;!:;;  „„,  ,r,..„K  n,ly  l.,k..  .he  ph.c-  „f  the  gc„«>.„  so  fa,  a-  l.n.- 
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connections  are  concerned,  and  at  tlie  (li>tnbuting  .lul  the  piiniary  i)f  a 
"  step-down  "  transformer  will  almost  invariably  take  the  place  of  the 
"  load."  It  may,  however,  be  fiirthri  i  xplaiii.  a  ttiat  in  (M-  i  in.)  the 
fourth  wire  connects  the  neutral  points  ot  tlie  >tar  loniurti.ms  at  the 
two  ends  of  the  line  ;  also  that  in  (B)  (6)  (ii.)  the  four  wires  of  (b)  (i.)  are 
rcducid  to  throe  bv  tisinc;  one  wire  as  a  common  return  for  the  two  phases. 
Thf  pol\c\clic  system  will  be  referred  to  a«ain  prtseivtl\-.  Historical 
notes  on  the  development  of  the  main  systems  will  be  found  in  Vol.  I. 
(loc.  cil.). 

Englneeringr  Efficiency.— The  enRineerinR  efficiency  of  any  system 

of  transmission  can  only  bo  ascertained  by  takiiii;  int..  a.  .  ..iiiit  all  tho  factors 
and  circumstances,  usually  a  very  difficult  matter,  but  the  mam  items 
bearing  upon  the  problem  are — 

(•")  Tho  conductor  officioncx-. 

((•i)  Repairs  and  depreciation. 

(y)  Maintenance,  including  workint;  diarges  for  attendance,  etc. 
(e)  Interest  on  capital  expenditure. 
Conductor  Efficiency.— The  term  "  efficiency,"  as  applied  to  the  con- 
ducting wires  in  electric  transmi>~i..ii  ].n.bl.  iii-..  i~  employed  in  tho  u-ii.il 
engineering  sense  to  denote  the  ratio  of  tlio  "  output     of  tho  oI.h  tru  al 
power  or  energy'  at  the  utilisation  end  of  the  lino  to  tlu  "  input  '  i>f  tlu> .  l.  c- 
trical  power  or  onorgv  at  tlu'  gonorat^)r  end.  From  what  has  been  explained 
elsewhere  it  will  In'  realised  that  theoretic.illy  this  efficiency  may  be  made  to 
approximate  clo>olv  to  unitv  (or  loo  p.T  cent.!  by  .linnni-luni;  the  current 
on  the  hne.  and  by  lowering  the  resistance.  The  former  mean^  high  volt.ige 
if  large  quantities  of  power  have  to  be  handled,  whilst  the  latter  tends 
to  heavy  capital  oxpoiulituro  in  the  material  of  the  cou.iuctoi  employed 
and  its  erection  or  laying.    In  fact,  the  theoretical  considerations  being 
quite  simple,  the  question  to  be  answered  with  reference  to  any  particular 
solution  is  tho  one  which  always  confronts  the  engineer  as  distinguished 
from  the  scientist,  namely  :— "  How  can  it  be  made  to  pay  ?  " 

Without  losing  sight  of  the  fact  that  the  cost  of  Uu  Minductoi  i:,  tar 
from  being  the  total  cost  of  laying  out  and  equipping  a  traiiMnissioii  lin.'. 
it  will  be  convenient,  in  the  first  instance,  to  examine,  quite  simply,  how 
this  cost  affects  the  problem  of  the  transmission  ol  a  i^iv.^n  amount  of 
.  electrical  power  over  a  given  distance.  For  cleanups  we  take  fir-t  tlio  case 
of  two-win'  transmission,  whether  c.c.  or  A.c,  but  in  the  latter  case  wv  assume 
a  power-factor  of  unity.  Dealing  only  with  the  main  factors,  we  know 
that  for  a  given  amount  of  power  to  be  tr.insmitted 

Current  OC  ,^ 

Voltage 

and  that  for  a  snen  ufiglU  of  conducting  malerial  used 

Resistance  c  (Length)' 

m 
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trical  efficiency,  s.nc.  tho  ^ between 

fore  remains  only  to  dii^over  m  a  ^nui  tv  the 

the  efficiency  and  the  "^.jf  ^ J^j^ir^^,  ,  ' ^^'uh  reason- 
known  values  and  constants    )       ^l^I^^^  p.r  ton. 

rr;::  Z  invest  on  it^^t.  say  O  per  cent, 

per  annum,  the  result  comes  ..ut  as 

J""  -     =  ■1)1,74.1 1. 

oncv.  the  energy  delivered  tang  .  J:''""""       f,  ,„\,  ,„.,  .,,.,,h  ,t  to 

we  get  the  following  table  :— 

T*B.E  XVm.-CoNPVCTO.  E.^c■E^cv  roH  Pow«  DEUv.„n  .x  ..ooo  VO.XS. 


DUiaiice  of  Tran!>mi»»ion, 

1  \  mile-. 
2 

3 


l.eiigt'i  iif  Circuit, 
(two- win) 


Percentage  Efficiency. 


3  miles 

4  " 

5  " 

6  „ 


937 
89-S 

78-9 


n^ission  to  secure  high  electrical       •  ,  c.-nductor 

15..  mil.  >,  a  vt.ltage  of  100,000  mu^t  bt   u>.a  to 

erticieiu  y  ct  <),',  7  l«-'r  cent.  .-„„r>;,.   lor  the  particular 

whatever  conductor  W  umiI  or  wiiauMr  rt-as  .  ceneral 

r  i;it„s:-^.ri:u'ir;  r,Le.„«  «jl  ^ 

with  »if///t«/s  of  transmission. 
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In  the  above  calculations  the  comlitions  wi-ro  simi)lifud  a>  much  as 
])■  >>ililt\  and  the  result  is  for  a  two-wire  transmission  of  a  Riven  annnmt 
(.1  piiwtr.  No  (li>tinrtiiin  \v.i>  ni.ulc  lirtwini  .\j  .  ,111(1  (  j  .  ti.in-iiii—ii'U, 
but  for  the  high  voltaf^is  indie. ited.  .mdint  iiui-t  1h'  taken  ni  A.i  . 
working  of  the  fact  that  the  maximum  voltage  upon  whicii  the  break- 
down of  the  (lieli(tiic  depends  is.  for  the  sini]i!(>t  wave-form  of  current, 
^  J  (  =  1-41)  timt  s  the  K.M.s.  v,dueof  the  volt.ii^e  .ulopted.  In  i  omi>,irin.i;  tlu' 
different  systems  for  e(pi.d  ^iiUty  nf  insuLilnm  .i-  will  a>  loi  xjUiil  i/ui'  ,cv 
of  'ransmission,  tlie  weight  of  copper  n»iuiri(l  will  vary  as  tiie  Mju.ire  ot 
the  pressure  to  earth.  Introducing  this  addition;?!  factor  antl  restricting 
the  above  e.iK  ul.ition  to  tlie  t .( .  case,  tile  ,  niiip.initirc  wcighls  of  copper 
re<|uired  in  the  otlu  r  i  hiet  cist  s  will  be  as  loUows  ;  — 

Continuous  current  (2  wires)  .  .  .  .  •  ■  -to 
Alternating  current,  singlc-pfuisc  {2  wires)  jo 

tlirii--pli!f^i-  (.;  wirt^)   .  .  .1.5 

t.iO-plui^i-  (4  wires)  JO 

tu  o-phiise  (3  wires)  J<> 

If,  however,  certain  parts  of  the  systems  are  delib.  i.itrly  .  .utli.  il.  ,1 
])ioi  t  ediiig  wl,  I  requires,  as  we  may  find  space  to  develop  later,  <>ther 
matters  ti  '1  into  consideration,  the  rel.ttive  amounts  of  copjx-r  are 

considera.  .  ,  ■  ed.  The  following  n-sults  are  given  b\  Mi.  lirew  *  for 
the  cases    .  ■      h  the  maximum  volt.ii,'r-  to  earth  are  the  same  : — 

('(piitiiuion-  (  inreiits  (j  wires,  one  cirtlied)         .        .        .  .10 
Alternating  currents  (v(/;</< -/>//<(-.•,  J  wires,  one  earthed)        ,        .  jo 
„  (^V.-i'-^y/ifs,-,  ;  wire-,  neutral  iioint,  earthed) .  5 

(l^io-pluisc,  4  wires,  one  earthed)        .        .  Jo 
{iiio-phasf,  3  wires,  common  wire  earthed)     14  b 

rir^^cr-f.nivrs  of  .i.e.  Lotul^.— In  the  results  just  given  it  is  assumed 
th.it  tlie  load  .it  the  di-tnbnting  end  of  the  liiU'  li.is  uiiitv  jx.wt  r-l,i.  tcr. 
H,  however,  the  load  has  a  lower  power-factor,  tlie  line  will  havi  to  ti.iiis- 
mit  the  idle  currents  as  well  as  the  working  current,  and  the  t  -  k  lo"  t.  r 
these  currents  must  be  t.ikeii  into  account.  If  the  power-factor  of  the 
load  be  very  low  these  losses  may  seriously  .liter  the  con<luctor  efficiency 
of  transmission,  but  whether  the  power-factor  be  higli  or  low,  they  mu-t 
be  taktn  into  account,  and  in  comparison  with  c.c.  transmission  it  must 
be  remembered  that  in  the  latter  the  whole  of  the  line  current  is  a  "  w<.rk- 
ing  "  current. 

Otiur  L.xpiiuiilnn-.—  h  has  been  mentioned  on  page  1185  tli.it  the  lo-ses 
in  the  conductor  are  not  the  only  factors  to  be  taken  into  account  by  the 

•  "Thrce-chasc  TraasmlSsiuB,"  i'.  174  ('s''}- 
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enRineor  n>  deciding  the  system  to  be  adopted  in  a  given  case.    This  was 
recoRnised  clearly  in  the  early  da> .  of  the  tran.imssic^i  of  elec  nc  power. 
Lnd  a  first  approximation  was  embodied  in  a  formula  first  put  forward  by 
Lonl  Kelvin  and  known  as  Kelvin's  lau:  which  may  be  stated  as  foUows  :- 
Maximum  economy  is  attained  in  the  transmission  of  a  .?,Vc'h 
amount  of  nurgv  at' a  given  voltage  at  the  utilisation  end  oj  the 
line  u  hen  the  .-inual  cost  of  the  r'jf  loss  in  the  hne  is  equal  to  the 
annual  miens:  and  depreciation  eha>x^s  on  that  part  of  tiie  line, 
the  cost  of  uhiJ,  varies  with  the  secl,om,l  area  oj  the  comiuclors. 

To  apply  the  law, 
even  as  thus  i,'iven,  it 
is  obvious  that  the 
load-factor    alid,  in 
A.c.    systems,  the 
j)owei -factor  must  be 
taken  into  account. 
A  low  load-factor  will 
mean  decreased  c*  R 
annual  losses,  whilst 
the   annual  interest 
an''  depreciation 
charges  remain  prac- 
tically constant.  On 
the  other  hand,  these 
charges  will  be  in- 
creased   by    a  low 
power  -  factor  requir- 
0-5  ing  additional  plant 
to  produce  the  energy 
lost,  for  a  low  power- 
factor  will  increase 

the  c^R  losses  for  a  given  aniuunt  of  I'-'-'^^-^^^Stre^ytdS 
fore,  it  is  a  useful  guide,  Kelvin's  law  must  be  appUed  careiuuy 

a  clear  knowledge  of  its  limitations.  comparative  details 

cl,n,ee.  R,r  a  tl,m.-l,l,,«.  "'v'^rr  Beard      X'  1.^4^ 

of  line  for  interest  on  capital  and  for  depreciation.    ^  urve  s 
♦  o/Bl^ineat  Engineers.  Vol  LIV.  p.  m  (.,.6.. 


Cros5-°ecCion  of  "copper  per  phdse.m  sq. 


Fi^.  .  .♦..-An.u.-.l  C      ,*r  M>!.-  (ln.««t  .nd  D.prtcitfion)  of 

'    ■  *  lhiee-ph.>-e  Mams. 
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for  uvt  ilu  iul  jii.iiiis  at  20,000  vi>lt-,  aiul  tiT  iiiitl<  ifjround  iii.iin-  l"r  l<'"r 
voltagt'S  fri'jn  j.ooo  to  20,000  volts.  Intriot  on  capital  has  lu  i  n  takt  n 
at  5  per  cent,  and  depreciation  at  2  per  cent,  for  underground  ami  3  ]^el 
cent,  fur  ovcrluad  mains.  The  latter  figures  ])robal)ly  underestimate  the 
life  uf  the  ni.iin-,  hut  'i.  tiit^e  ni.itti  rs  it  is  well  to  adopt  con-ervativc  e-ti- 
mates,  and  there  li.is  not.  as  yet,  been  time  fur  experii  iue  to  (  vi  he  r.  li.il)le 
figures  for  modern  systems.  The  results  are  full  of  interest.  For  in- 
stance, for  copper  of  0-2  square  inch  at  20,000  \  olts  the  charge  for  t)vcr- 
head  mains  is  about  i'95  per  mile  per  annujn,  whilst  for  underground  mains 


100  200  soo 

Mdximum  current  per  fii4se,  in  amperes 


400 


Fig.  i,.'4!.— Minimum  Twal  .Annual  Cosl  per  Mile  (In'"««'  »i- '  Otpreciation)  for  Tht«-phaM 
Main*  Ocsignni  for  vurioti..  Maximum  C  ...'enls. 

at  the  >aiiU'  voltaf^e  th.'  .harf^e  is  about  The  eli,ir^e  for  un<ler- 

ground  mains  at  substantially  lower  voltages  is  less,  but  it  nm>t  be  borne 
in  mind  thrt  the  power  transmitted  will  also  be  less  for  the  same  condtictor 
efficiency  of  transmission. 

In  Fig.  1,243  the  details  are  carried  a  >tti)  further  ])V  the  inclusion 
in  the  ordinates  of  an  aliowance  for  repairs  based  upon  ucords  obtained 
from  actual  systems.  The  abscissae  are  also  changed  by  substituting  the 
maximum  current  per  phase  for  the  cross  section  of  the  copper,  the  most 
economical  sections  of  coi>p(r  being  chosen  tor  e,\ch  current.  'llii>  brings 
the  curves  closer  together,  and  givts  the  minimum  total  annual  cost  per 
mile  for  the  different  currents.    It  may  be  noted  that  at  150  amperes  per 


Ml 
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uh.i^v  tlio  annual  cliari;.,  includins  repairs  for  the  overhead  mains,  i>  i  50 
per  mile  per  annun,  a^ain^t  /  -o  tor  un,U  r,M..nn.l  n.a.n.  the  voltage  being 
Z.000  in  each  case.    Other  .ntere.tin,  .urves  including  the  .nfluence  of 
the  power-factor,  are  given  in  the  paper,  which  is  well  worth  c.n-ultm 
Continuous-current  Systems,    rh-  f-regomg  pages  contain  deta.b 

c.f  actual  h.Kli-voltage  tra..>.ni»ion  lino,  whether  overhead  or  under- 
ground, and  whether  the  currents  u.ed  are  continu.m-  or  alt.  rnat.nu. 
Other  tnatt.r-  of  general  interest -such  as  the  etf.ciency  of  tian>nn>sion. 
co^t.  of  erection,  etc. -have  also  been  dealt  with.  Generators,  motors 
transformers,  etc.,  ..f  all  kind-,  without  which  actu.d  ^J^^"''''";^^ 
electric  energv  would  be  unp..>-U,le  u,  UM  le.>,  h.uc  Ihcu  fully  de^n  H d. 
With  one  exception  detailed  descriptions  of  actual  systein>  as  a  ulK.k 
would  therefoiv  appear  to  b,  unnecessary,  especially  as  the  special  ^u  )- 
ject  ..f  "  protective  gear,"  because  of  its  imp.^rtance.  is  taken  separately 

later  on.  ,     ■  ,   ,  •  1  1. 

Tiu  iv  an  ,  Imwrv.  r,  cert.Mi  matters  connected  with  high-vultat;.-  lon- 
tinuou^-cm  ient  l;,  ,u  ration  and  transmission  to  which  \itx\-  refere.uv  ha> 
vet  been  mad,-,  and  which  are  lUoM  convenicntlv  dealt  with  bv  a  bnet 
description  with  illustrations  drawn  Iro.n  the  s.uce--hd  but  lelat.veU 
few  examples  in  whicii  this  s\stem  of  transmission  is  utilised. 

The  onlv  nietlio,!  of  obt.,inin^,  bv  rontinu. .us-current  generators,  higli 
vohages  comparable  wuh  tlio.e  u.ed  u.  alternate-current  tran^misMon. 
is  bv  arranging  a  batterv  of  dynamos  in  m  tu-  ^^nU  one  anotlier  ^m.  p.iue. 
'S-\i  s.,/  >  inMead  ,.t  running  them  in  parallel  a>  is  more  u.iial.  n  Miie^ 
the  same  current  p,e.~e.  tinouuh  c-ach  machine,  which  is  therefore  designed 
for  conshnit  curnnt  instea.l  .-f  for  the  c,m-t.,nt  xolta^v  ol  parallel  nmnint,. 
The  current  being  constant,  the  load  mu-t  be  varied  by  varying'  the  voltage, 
and  the  methods  of  switching  ma.-hines  in  and  out  for  this  purpose  are 
described,  in  principh-.  in  the  e.ulier  section  relerred  to. 

\s  carlv  as  iSS,,  a  small  cntmuous-current  install.itiun,  transmitting 
electric  power  74"  miles  at  14,000  volts,  was  installed  in  Italy,  and  vvas 
,.,ll„wed  bv  other  ,n-t,dl,.tion-  at  voltages  varying  from  (..800  to  14,000 
in  Switzerland,  lt..lv,  >p,un,  and  elsewhere.  It  was  not  till  1902  tV.nt 
the  line  voltage  was  raised  to  27.000  volts  in  the  St.  Maurice-Lausanne 

tran-nii— ion.  .  •  1  :„ 

\  mu,  1.  f^ie.u.  r  project  than  anv  of  its  forerunners  was  inaugurated  m 
iqoO  bv  M  rhurv  lor  the  tranMui-Mon  of  electric  power  with  continuous 
currents  from  Moutieis  to  J.vons,  a  distance  of  iiz  miles,  using  a  voltage 
of  boo  volts  on  the  line,  which  consisted  of  106  miles  of  overhead  wire 
ami';,  miles  of  undermound  cable,  .\dditional  generating  stations  were 
added  at  La  Brid.oire  and  Bozcl  in  iQii  and  loi-',  and  the  hne  voltage 
raised  to  7S.000  volts.  In  this  country  the  s>-tem  wa^  adopted  In  .Mr. 
J  S  Highfield  for  the  western  area  of  the  Metropolitan  Llectric  >upply 
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Cumnany  wlurr.  liow.  v.r.  it  is  i;itlui  qu.'stioii  .-f  d,str,hutton  .U  lui^ti 
voltage  tiian  of  transmission,  as  tlu-  lartlu~t  -ul.-tati.M.  Mii-pliol  "iiK 
seven  miles  from  the  generating  station.  ,    ,  , 

Tin-  hi^Iust  voltage  that,  as  yet,  can  bo  obtained  fri>ni  a  Mnsle  lUK"- 
pow.  r  o.i.'liinu.us-current  generator  is  about  5.ch>o  volts,  and  a  Dick  Kerr 
dvnamo  giving  this  voha^;.-,  a.ul  ontn.ll.,!  bv      Thurv  ivnul.t.., .  is 

described  at  page  195  (I'ig-  i')-)-         ^^-'^t'''"  ^''''-'^'^ 
to  above  it  is  therefore  necessary  to  connect  the  generators  in  >enes. 
which,  in  it-  turn,  makes  it  necessary  to  iiiMihite  tii.>  separate  machines 
from    OIK'  anotiuT 
and  from  the  prime 
movers  driving 
them.    The  general 
plan  is  shown  (ha- 
•,'ranimaticallyat  the 
iMj)    part    of  Fig. 


1.^44' 


hicii 


Line 
currenC 


zoo  amps. 


three  4,000-volt  dy- 
namos are  shown  in 
r  ie-.  gi\  ing  a  line 
pre--ure   of  12,000 
volts.  The  output  of 
the  three  machines 
is  2,400  kilowatts, 
wiiiih  can  b'  trans- 
mitted with  a  line 
current  of  only  200 
ampero.     Tlii-  cur- 
rent i>  kept  I  t  mutant 
at    all    loads,  the 
lnad    being  varied 
\  ar\  ing  tl\e  volt- 
age.   The  Hn.'  .  iirrent.  a-  r-h.>wu  in  tl.e  l,,wer  j.art  ot  the  (hagrani,  i-  pa-ed 
in  series  througii  motors  of  various  >i/.e>  wliich  are  inult  li>r  var\  inf.  voltage-, 
but  all  carrving  the  same  current  of  200  amperes.    Thus  a  loo-kilowatt 
motor  takes  300  volts,  a  2oo-kiln\\ ,.' t  iiiarhine  i.ooo  volts,  and  so  on. 
These  motors,  wiiere  not  used  direetly  lor  jnecliani.  ,d  work,  drive  siut- 
ablo  c.c.   or  \.c.  generators  for  supplying  the  ehetru  il  needs  of  the 
n.  ighbonrhood  of  the  sub-station  in  which  tliey  are  placed. 

The  switcliing  arrangement-,  either  f.n-  generator  or  motor,  are  quite 
simple;  they  are  shown  diagrammatically  in  Fig.  1,245.  >n  which  c  and  D 

•  ri„s  ,..ul  some  of  the  loUowin>?  figures  are  taken  from  papers  l>y  Mr.  J.  S.  Highhc.d,  read 
Uforu  the  InililulioH  0/ Ehctricai  EM^riattrs. 


Fig.  1,244.— Diagrom  "f  »  High-voUafe  ContinuoiH-curtcnt  Ssrstem. 
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are  the  main  pcnerator  and  motor  switches  respect i v.  ly.  l-ur  Muall  varia- 
tions of  Km.1  tin.  vultaK.  <.f  tin-  p.n.raf.rs  is  controUed  by  a  Thury  regulator 
($«  Fig  191  page  19^).  I'ut  wluii  the  load  falls  so  far  that  a  generator 
can  be  removed  fn-m  the  <ircuit,  its  reiruval  is  brouf^ht  about  not  by 
di^c.miurting  it.  but  bv  -.Iwrt-circuiiing  its  armature  and  tield-magnets 
aft.  r  wliich  it  can  be  ^t-i.pid  or  not.  as  may  be  convenient.  In  <^ases  of 
emergency,  this  shf.rt-nr.  uitinK  can  be  <loiu-  automatically  by  suitaWy 
"  designed  switches  (B  and  v  in  l-ig.  1.245)-  Simdarly.  a 
motor  can  be  put  out  of  action  by  short-circuit iuk.  and  in 
thv  diaKrain  ot  l-ig.  I, -'45  tli<-  switches  c  and  v  are  both 
-hown  in  the  short-circuiting  i.osition.  To  place  the 
machines  in  circuit  each  switch  should  have  its  movable 
contacts  rotated  90°. 

An  actual  switch  pillar  with  its  instruments  is  shown  in 
I'if,'.  i.J4(),  the  connections  to  generator  or  motor  and  line 
being  incUcated  diagrammatically.  A  side  view,  partly  in 
stHTtion.  is  given  in  Fig.  1,247.  Four  fixed  cylindric  segments, 
witli  mid-points  90'  ajiart.  are  connected  to  the  hne  and 
generator,  thus  forming  together  the  two  line  terminals 
on  the  one  hand  and  the  two  dynamo  terminals  on  the 
other.  The  movable  contacts  are  much  wider  cylindnc 
foments  mounted  on  corrugated  porcelain  insulators  so  as 
to  be  concentric  with  the  fixed  contacts.  They  are  operated 
by  a  carefully  insulated  handle  which  has  only  two  positions. 
^"^  ""on  "  and  "  off."  90°  apart.    For  working  as  shown  in  the 

figure,  the  movable  contacts  connect  the  two  right-hand 
and  the  two  left-hand  fixed  contacts.  In  the  "  off  "  position 
the  two  lower  and  the  two  upper  fixed  contacts  arc  connected, 
thus  short-circuiting  the  dynamo  armature,  as  explained 
above,  and  putting  the  line  "  through  "  without  drawing 
energv  from  it. 

In  the  Moutiers  station  as  originally  equipped  by  II.  1  liury 
there  were  sixteen  3,600-volt  dynamos  in  series  arranged  in 
four  groups  of  four  machine,  each  group  being  driven  by  a 
single  water  turbine  the  speed  of  which  was  controlled  by  a  regulator, 
set  to  keep  the  current  constant  at  all  loads.  The  dynamos  were 
in  pairs  eacli  pair  being  on  a  shaft  with  an  insulating  coupUng 
between  the  machines.  A  view  of  the  station,  which  is  of  histoncal 
as  well  as  of  present-day  interest,  is  given  in  1-ig.  1,248,*  repro- 
duced from  a  photograph  taken  soon  after  its  first  opemng. 
The  rotor  of  each  machine  has  an  outptit  of  270  kilowatts 
when   developing  its  full  voltage  of    3.600  volts.     The  mounting 

»Vrom  iht  Electricj/ Ktview,  Vol.  LIX.,  p.  aig  (19061. 


Fip.  1,24?.  I>i-» 
gram  of  Swiivh- 
ing  Arrange- 
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Hish  ■  vollate 
t.L,  Sj-tem. 
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of  tw..  (Ivnamo*  on  a  single  btilplate  is  >h«.wn  in  }f,x\..\M  il»tail  in 
Fig.  I  J40. 

Thi'  o'lnliincd  v.ilt.it;.  ..|  .  .u  li  ~i  t  <'t  fdiir  (Ivn.uiK-  w.i-  tlim  (..i.'  14  400 
volts  at  full  load,  and  the  I'.D.  bttwtcn  thi-  -|-  and  —  '  lim>  37  ''*'<» 
volts.     As.  however,  the   mid  -  point   of   the   batter\-  was  earthed. 


5c«le  of  ^ttX. 


tig.  I,J«6.  '.»47. 

S  viich  Pillar  with  Instruments. 

the  P.D.  to  earth  was  nowhere  greater  than  28.800  volts.  The 
current  being  kept  constant  at  75  amperes,  the  lull-load  output 
was  4,320  kilowatts  or  1,080  kilowatts  for  each  shaft  at  full  load.  The 
interconnections  of  the  machines  are  shown  diagrammatically  in  Fig.  1,250, 
in  which  are  also  shown  the  connections  to  the  transmission  lines  and  the 
distant  load.  The  arrangements  for  earthing  the  mid-potential  point  t  f 
the  system  are  also  indicated  by  dotted  lines,  and  it  wiU  be  observed  that 
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the  machines  can  be  thrown  on  and  oft  in  pairs,  as  .nnunir.l      tlu  i. 
platw.    The  device  of  altering  the  P.l>.  of  each  machine  by  shifting  the 


Y\i  i,.'*:'.    The  M-ulkr-  11.;!.  ^jUage        (i.-n.r.ili;-4  Slau. 

hru^lH-s  was  lu.l  «s..l  in  Uu-  gnuratuiK  station,  but  in  th.  sub-stations 
In  the  generating  station  the  P.n.  for  small  variations  of 

|l  gnlation  of  the 

^  ..f  th.' 

W.ltlT  tll'.llilUS 

until  thf  point 
was  reached  at 
whicli  machines 
i.uiilit  t(i  bf 
>witchi'il  on  on 
rising  loads  or 
:~!ii>rt  ciriiiitrd 
ui\  ialling  loads. 
The  switching 
pillars  were  sim- 
ilar to  tliD-o  il- 
lustrated in  Fig. 
i,34(),  but  of  an 
flier  type. 

It  is  obvious  that  one  of;tlu'  elements  of  succ.-^  -luh  a  ^v>t.m 
lies  in  careful  attention  to  the  details  of  insulation.    Mention  iu.>  already 
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HtCH-fOLTACt:  Connitvovs-t  VKKMSr  Systems 


tlu  r  m.uiiint  s  it 
,11 1  I  iinj'li-l»'tl  l»v 


1  s-s"; 


( 


bet«n  made  of  tli-'  iiiMil.itiii!,'  i-uplmy-  l..t\v.,n  tli.  tu-  .mu.itui,  -ImM. 
,.„  th.-  -.iin.'  Ix-dplato.  and,  uf  wwxsv,  Mimlar  cuuphnt;-  «.rr  i-LkvI 
tw. ,  II  the  >lialt<  on  th.'  two  li.MjpJati-<  in  .-acli  sot.  and  iK-tw.-i-n  thf  ma.  Iiin. - 
and  the  drivini;  tuil.in.      I'.nt  t-  pi.  \,  nt  l.'.ik.i^r  t 
was  luressary  to  insulati'  tlir  1..  .iplat.  >.  .m.l  tin-  v 
-npportini;    tin-  r-  - — —  — 

lii-djilatr-.  (v.. 
l-'iK.  on 
jiouWi-cup  insH- 
lator>  l>y  nitaii- 
ol  holt-  pa-'iii!, 
throuuli  till-  liiK- 
(sec 

lound  thf  bot- 

t.illl  of   till-  bril- 

jilatt.'.  A>  .1  fiit- 
tlier  pucaiition 

the  lloov  of  the 

j>o\vir-rooni  was 
made  of  iii-u- 
lating  material. 
On  a  continuous 

1),  (1  of  colli  n  tf 
coVelilll,'  tlif 
whole  room 
thfiT  \\a-  jiLii  i  il 
a  (  1.  I  \  cm-, 
thick,  <  f  a-jili.ilt 
nuxcd  with  small 
-tont<,   and  on 

tlir  top   of  this. 

lormirT,  the 
working  surface 
of  the  floor,  a 
layer  ul  pure 
asphalt  more 
than  .1  Centimetre  iu  thickiu 


1  C.'iinci  ti'  n-  ■  I  'l  luiry 


man  ,i  (eimmi-i.n-  111  iiiiv I hcM-  la\t.r>  of  a>pliult  j  l>i  ^  i 
continuou-  bed  of  c.ncrete  tend  to  insulate  the  RoneratmR  station  ami  if 
th.-  room  be  kept  warm  and  dry  render  it  .litticdt  b.r  .m  n  ihe  hed-platey 
t.  become  "dead-earthed"  in  the  ordinary  sense  of  tiie  term. 

Alternate-CUPPent  System8.-S..  many  details  of  alternate-current 
workint;  li.ive  been  ^iven  in  the  preceding'  pai,'.-  that  the  mere  summary 
of  sv>tems  on  i.age  1184  is  alnio>t  >ufHcient  fur  our  purpo-e.  Moreover. 


% 


v.,n.m.  ,,u..tiuns  lu-arinK  -n  the  r  laiv,.   .u     vU-^-i  ot  th.-  iMvTvnt 

sv>t,.ms  t  num.rat.  <l  l.av,-  bv.  n  .l.^e  i      i  inch  .nallv.  e.g.  the  relative 

ailvantanes  <>f  single  and  iH.lyj'ha>e  nK>i.  m. 

ObviousJy,  as  a  matter  of  mere  transmissii  n.  tiie     ikU  i    i-'  -M' 

with  its  two  \vire>     ..;,'.un-t  tli.'  tlin    ..r  nu.f  wir.-s  ot  jM-lyphuse  >>;Unis 

Mores  a  point  as  regar.ls  t,r>t  eoM  ami  uj.k.  .  i'.       advantage  which  it 

shares  with  Wgh-voltag.  rcntimums-cmieiit  nis. 

I  h. TV  are,  l...wever.  m  .dternate-current  working  one  .n  two  oiitMandiiiK 
matt.rs  lu  lling  sptriallv  on  transmission  which  have  nirt  as  yet  bem 

touche  d  upon  and  which  are  mu-t  convem.  iith  t  A.  n  up  at  this  stage. 

FcrranliEff,ct.~Onv  characteristic  ui  which  \.c.  ,hff.-rs  from  c.c.  trans- 
mission is  in  the  existence  in  the  former  of  an  a.c.  re.o  tancv  vo  t. 
due  tu  tin  ,  1, ,  tri.  al  pn.p.  rti.  ,      the  transmission  line  its,  i'.    This  le,.*l> 
sometimes  to  very  curim,^  .nul  interesting  results,  such  a>  tli.  voltage  at 
the  far  or  distributing  end  of  the  Hne  being  Ihl!"  ■  than  .it  ■  u  lu  .ii  >>r 
g,  aerator  md.    This  effect  was  first  observed  in  the  Fenanti  m.i.n 
down  in  iN.S()  tor  th.'  10,000-volt  transmission  from  IVptfonl  to  iio„,l 
Street,  in  l.on.io,,.  and  is  ther.    le  fre.iuentlv  r- fen,  .1  !■   a~  th.'  l  aumtt 
effect  01  tlie  I  cnantt  Nunomawn.    Tli   distance  lu  this   a-f  )    >  was 
about  6  miles,  the  ca'.'.  s  were  concentric,  paper-insulated  calo  -  .n.l  .  a.  h 
mile  had  n  .  apacitv  of  0-367  mu mfarad,  an  inductance  of  .2S0  iinlhhenry. 
a  resistance  »i  0-^24  ohm,  and  an  insulation  resistance  of  700  megohms. 

The  periodicity  was  85     .  11 

The  *^'.  .  t"is  (hi.  to  the  pliase  relations  of  th^  .luantities  involved 
for  ns  .mr  r.  a.Iers  are  fullv  aware,  a  ri^.  of  pressure  at  a  point  supplu-d 
with  .nergv  does  not  nec.  ^.trily  m.  an  ...  inma-.  in  the  pow.r  deli- 
vered at  that  iK)int.  The  phenomenon  wa-  mvesSigated  in  icSyo  t  r< 
fessor  Fleming,  Sir  William  Preece,  and  others  in  a  series  of  ex]-  .m.  ni- 
i,r  which  tw.i  .  ;.hl.  s,  c  acli  10,11  •  vard^  long,  wen-  h».ped  togeth.  r  at  the 
London  end  s..  that  the  two  ends  of  •  lo..pat  Depth.rd  could  used, 
one  for  delivering  energy  to  the  cable  and  tJie  other  for  n  ceivn  a  alt.  - 
transmission  through  about  twelve  mUes  of  cable.  This  tn.  ^  i  d  the 
necessary  measurenunt.  at  the  two  end-      he  made  m  the  same  rnidding. 

The  experiments  are  too  extensive  >         .Ir-cnbod  in  d  ■  »]  bur  the 
results  can  be  briefly  summarised.    A  >iep-up  (i :  4)  ^ran-i    n.  w..s 
u-cd  at  the  generator  or  home  end   and  a  similar  st.i-d.    a  4:1 
transformer  at  the  receiving  -  r   far     n.       It  -as  ton.  that  th. 

high-voltage  pressure  at  the  far  end  of  t.     ii  ains  was  alwa      .'ss  i?  sr 
that  at  the  near  end  when  the  far  end  secondaiy  circuit  wa^  ded, 
tliat  {h)  witli  this  secondary  cir.  lit  unloaded  the  pressure  at     c  fai  : 
of  the  mains  was  higner  than  that  ai  ih.-  near  end.    In  a  par-    :!ar  c  - 
7  240  volts  delivered  to  the  mains  at  the  home  end  became  - 
the  far  end,  the  only  load  being  the  high-voltage  cjil  of  the 
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will.  ll.  .1-  Ml-  :i'l.ir\ 

.III  uulucuiuf  >■     liokiiig  <  'll. 
Hi"  arrangttm-nt  of  imm.  .. 
111  Imk.  1,^51, i»  which  i.  i>  tl»' 
1 1  iii-fi.init  ri  rt  >iHM-tivelv.   v  '  f 
.,iit<-i   111. mi    th>'  t\\  li'ii 
.  1. .  tin  .ll  <-i.>nn<'ctii>!i    -u.        ^  • 

I  ig.  1.J52,  in  -^hich        <  .iim.  it- 

th«?  tiimir  il  i. 

tl...     u..  traii 

f.  iwr  Tj,  «hit!i  i-^  only 

.i|ijiri)\Hn.itt'lv  •  ■ii'-i't, 

,i,  tli    I  .ipacitx-  1-  <li- 

iiii.-iii'  't  ,ili>ii(;  til  aIi"'" 

Icngili  '  !  fl>f  t  .1  'll 
The  re-uhs  >!  .  ci! 

Wen-  .ll   •'     'l.i;    •''  ' 

able,  <:    nl  ppruxi 

m  itelv    tlrnld'  \i  by  tl 
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I<  .uii  is  I   •  siiven .  :i  'I  th-  rdore  we  must  use  vector  diagraim 

th.       ^vAt^  , ,  <•  ixKsible     The  diagrams  urv  given  in 
I..       Ti.    irst  figure  t  t,J5.5>  sh'>w>  the  .  iiireutsc,  and  Cj  in 
.n.l  1      oil  p  assumed  to  be  joined  in  parallel  afi  '-  thi' t.  r- 
■  !.   ....t.'Tit      'iff.     I'-o  (p,  -  v.)  Mween  v^ni  i.  1-  rej»re- 


rtu 


m«e  ElectticJ  Conditioni  of  th«  T«i 


Tile  condenser  current  t ,  leads 

i,n      on    the    Viiltat;r    I'l     -  Pj, 

wiiilst  the  cull  current  c^  lags 
nearly  90°,  being  the  magnet - 

i>ini;  i  urrmt  in  the  trans(i)rmer. 
The  current  (  ,  may  l>e  ntuch 
larger  than  the  (  unnU  i  j,  and 


I. 
b. 


delivered  hv  the  mains  to  the  terminals  will  be  the  vector 
.  and  c.  which,' becau>e  of  the  angle  C„<>c,  b.-ing  very  obtuse. 
1  thane,"  the  condenser  current.    The  m-cuiuI  fiyiiiv  ( i,.'54  >how. 

I    and  Pi  -  P.,  in  the  same  positions,  with  the  additional 
.vctur  Sj    1',.  the"  i«)tential  difference  between  the  two  ends  of 
•  ue  (Fig.  1,2521.    The  angle  at  <>  between  the  vectors  ■  ami  s,  l'^ 
roximately  correct  according  to  the  data  given,  winch  >liow  tliat 
uctive  reactance     D  at  85  ~  is  i-8  ohms,  the  olmuc  reM^t.mce 
•  0  ohm-      Tlie  value  n  s  of  tln>  1>.I>..  wlurh  1^  lei.itivelv  much 


the  value  lit 


v-i.  gives. 


exaggerated  in  the  hgure,  combined  w  ui      .  ,        ,  ,■ 

the  vector  o  i  ^.  which  is  the  p.d.  (s,  -  p^)  or  (s,  -  S,),  the  voltage  dehv- 
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vred  to  the  line  at  the  huiu'  en.l.    A>  the  an^^le  o  v,         ^-.eater  than  the 
angle  o  f,  r„  it  follows  that  o  r,  is  greater  than  o  v,,  that  is,  the  voltage 
across  the  transformer  terminals  p,     is  greater  than  the  voltage  (s,- 
delivered  to  the  mains  at  the  hmiie  ( nd. 

It  is  thus  seen  that  the  l-erranti  .ffect,  of  which  the  above  is  only  a 
general  explanation,  is  quite  in  accuidaiue  with  known  laws  and  is  not. 
as  was  at  f^rst  supposed  by  many,  an  indication  of  some  previously  undis- 
cov-ed  fundamental  law.  It  is  due  mainly  to  phase-diflerences  caused 
by  reactance.  The  effect  is  not  -n  yreat  on  overhea.l  lines  as  on  under- 
ground cables  because  of  the  lower  electrostatic  capacity,  but  it  is  ^ery 
noticeable  on  long  high-voltage  transmission  circuits.  Thus  on  the  Big 
Creek  to  I  o>-  Angeles  transmission  line,  which  is  240  miles  long,  the 
delivery  voltage  at  no-load  is  10  per  cent,  higher  than  at  the  generating 
<"nd    As  the  voltage  of  transmission  is  150,000  volts  this  means  a  ri.e 

of  15,000  volts 

due  to  this 
effect. 

Other  Rcad- 
iimc  Effects. — 
In  actual  prac- 
tice t)ther  im- 
pdrtant  result-^ 
loUow  from  the 
same  causes. 
These  will  be 

'  Vtc'lor  Di.igrams  for  ihe  "  Ferranli  Eflea.  "  moSt  slmplv 

ilki.trated  bv  considering  the  Ferranti  mains  in  Fig.  ^vith  the 

transformer  t..  removed.  In  that  ca^e  we  have  a  resistance  R  in  .cr,cs 
xvith  a  condenser,  and  the  equations  for  the  current  between  S»  and  s„ 
and  between  P,  and  Pj  are  (see  Vol.  I.,  page  54^) 

s,     s.  P,  -  Pa 

c  =     .  >  .  I 

where  R  =  i'Q  ohms,  the  resistan.v  of  tlu^  cable, 

L  =  3-4  millihenries,  the  inductance  of  tlu'  cahle, 
K  =  4  5  microfarads,  the  capacity  of  the  cable. 
If  wc  tak.'  the  working  frequency  at  85        and  therefore  p  =  5J4 
(85   X   Z-it).  these  figures  (,'ive  - 

the  permisMve  reactance  =  j  ^      41*)  ohms, 
the  inductive  reactance  =  pi.  =  18  ohms, 
the  total  reactance  ^{J^    P^)^  414-2 
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Tlx'  (fftit  nf  indmtaiui'  is  to  lowtr  tho  n-actanci'  dm-  t>i  capacity, 
but  in  the  al)ovc  l  a-.-  the  effect  is  st)  small  as  to  Ix-  practi-  ally  lu  gliKible. 
If,  however,  the  two  reactances  were  equal  to  one  another,  that  is,  if  l 

were  079  henry.       =  />  L,  the  current  would  Ik-  given  by  the  equation: 

loonu 

=  2,=SfM)  aiui)ere-. 

a  very  ilangerous  current,  since  the  full-load  current  of  the  Renerator  used 
in  the  experiments  w.is  about  230  anii)i  rt-.  onlv.  and  tlii- l  Uin  in  ua-(  Ut 
down  by  the  itep-up  transformer.  It  may  be  .ulmittt d  at  .>nce  tliat  i<<\  this 
extreme  case  a  more  rigorous  methtxl  of  calculation  should  be  u>ed,  whirli 
need  not  be  detailed  lu  re  ;  but  the  result  shows  the  kind  of  pluMcal 
effect  to  be  anticii)ated  it  the  inductance  of  a  circuit  cancels  the  caj.acity. 

The  cancellation  of  the  inductiv.'  reactance  by  llic  |iernn-.>ivr  rcict- 
ance  can  be  effected  in  either  of  two  theoretically  simple  ways:  (i.J  by 
kngthening  the  cable,  and  (ii.)  by  increasing  the  periodicity.  As  regards 
(i.)  a  simple  calculation  shows  tli.it  if  the  .di< m-  c  able  wt  i,  iS  j  niilo  Icng 
eacii  reactance  would  be  about  ohms,  and  lluy  w.  idd  tlurefore  canei  1 
one  another.  The  result  would  be  a  heavy  an<l  dangerous  charging  current 
of  the  order  shown  in  the  abii\-e  e(iuation. 

The  effect  of  change  of  ])erio<luity  in  bringing  abotit  much  the  same 
result  would  occur  without  altering  the  length  tin  line  .it  Midi  a  peii. d- 
icitv  .IS  would  make  the  two  reactances  equal,  t  alculation  >how?  that 
this  periodicity  is  i.zSh  cT,  at  which  each  reactance  again  In-comes  about 
j8  ohms.  The  actual  periodicity  is  85  wT.  and  i-  fixed  b\  the  -peed  nf 
th«'  generator.  It  is  quite  obvious  that  this  spetd  laniiot  be  ineie.i>ed 
fifteen  times,  but  this  does  not  dispose  of  the  danger,  as  we  shall  now 
>how. 

Risoiuinci:—  Jhv  phenomena  which  are  m.uiifested  wlun  the  periodicity 
is  such  that  the  reactance  due  to  inductance  is  cancelletl  by  the  reactance 
due  to  cap.icity  i>  freijuentlv  referred  to  as  electrical  "  resonance."  from 
cert.iin  analogies  with  acuu>tical  "  resonance  "  in  the  science  'of  sotmd. 
The  circuit  behaves  as  a  stretched  string  tuned  to  re'^pond  to  a  p.ntn  ul.ir 
fundamental  note  or  any  of  its  simple  harmonics.  The  lagging  w.ive  <if 
inductive  e.m.f.  cancels  the  leading  wave  charging  the  condenser,  and 
leaves  the  line  to  beli.ive  .i>  if  it  h.id  neither  induct.mce  n.  .  ca)..u  itv.  The 
amplitude  in  this  case  of  the  wave  of  current  due  to  a  i>.irtuulai  altn- 
nating  e.m.f.  is  therefore  enormously  increased,  and  is  determined  by 
the  ohmic  resistance  onl\ . 

The  fact  that  reM.n.mce  can  occur  at  the  periodicities  of  the  simple 
harmonics  or  overtones,  as  wtU  as  for  the  periodicity  of  the  fundamental 
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wave.  .u.  not  He  oveHooUed.  ^•-Z^Z:^^:^:^^ 
343      sc,.).  such  jr^most  commercial  alternating 

(third,  fifth,  seventh   etc.)  arc  ,j  ,,,,  |„,t  been  shown 

current  waves.    For  '')^^^^^.  iKnucl.c.ty  of  85  ^  H 

that  resonance  n>av  '>V"^'"  ^1  llr  ca^^^^^^^^^  ' 

the  cable  be  183  m.les  lun,.    .^''^•'f/ J^f^^^^^^^^^^^  ^Ue.  long,  to  the  fifth 

respond  to  the  third  harmonic  if  1  ^„ 

haSnonic  if  it  be  ^ "r ""1^^^^^^^^^^^^         a  periodicity  of  1...S6 
With  the  -tual  cab  e  re^onan^  ^^^^    ,  ,3  ^. 

which  is  very  nearly  fifteen  tim.s  ,   g,}  the  fifteenth  harmonic 

Tnd  if  the  fundamental  periodic-uyro>e  to  m^^^^^^^  ^^.^^^^  ^ 

^•ould  have  the  required  f  ^  '  ^.  J^"  n  1  e  speed  of  the  engine.  If 
effected  by  a  rise  of  less  than     P-  harmonic  ,n  the 

therefore  there  happened  to       a  F^^^^^^^  small  changes 

voltage  wave,  there  would  ^''^  ,,nall  inductance  pot  m 

of  engine  spc^d.  The  remedy  1.  ^-'^^'^^  ^  ^^^^^^^  „,^Ues  the  fifteenti. 
series'with  the  line  would  -^^^-^^y  ^e  to  be  exerused  that  the  par- 
harmonic  dangerous  ;  '^^'^.^'^^  prominence  other  harmonics 

^  -  ^'  " 

^ne-waves  in  which  there  are  no  hann^J^^^^^ribution  to  outstanding 
Three-phase  C onnedwns. a  ftnai  j^^j^^  ^  brief  refer- 

n^atters  L  connection  with  ^l^-;-'^;;  ^  ,  ^connecting  up  the  phase, 
ence  may  be  made  to  the  two  ch  ef  ^^^^^^  .tep-do;  n  trans- 

in  three-phase  c.rcmts.    The  fact  tn         ^        ^.^^^^  ^-^^^^^  .,tar 
formers  used  for  transm.ss  on  P";P;^^; complicated  methods  (r  g 
delta"  connected,  not  to  -"^"^  either  method 

Fig.  m^.  naturally  ^^tt  ,;as"omJLd  wuh  the  ^  As  a  matter 
has  anv  outstan.lmg  a.lxantag.      ^"^P  ^i^teen  different  ways 

of  mere  permutations,  it  is  obviou>  that,  the  e  ^^^^^^ 

single-phase  transformers  suitabl;.  ,     (^„.      voltages  the  star 

""'it  has  already  bc.n  sho.-n  ^^^l^  tlL  terminal  leads  to 
method  of  connection,  J^';;"  ^^,1^1  ^nd  therefore  to  a  decreased 
smaUer  stresses  on  the  ^'^^^'^  u  more  especially  the  case 

capital  cist  for  a  simdar  factor  of  satetj 

if  the  neutral  point  can  be  '''"'^^l'''^-  j        difference  in  wave  form 

On  the  other  hand,  the  '^^^^^^'^^  '^^^^^  ^„,,,nts  shown  in  Fig. 
between  the  magnetic  ^J^l, ";;;;:t;„,a^o  is  the  wave  foTO 
950  cannot  be  overlooked.  Tlie  ca^e  there  rttcrit 
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ciirront  roquiri  ii  to  jirndnri'  a  -implo  -iin'-WMxc  of  ilnx,  .md  tluTrfiiic  .t 
^imi)lc  -iine-w.ivi-  •■i  ii.dnrid  i:.m.i\  in  tin'  r!rriii»-  cinmt-.  IM-cwli-:. 
it  H  -!i(i\vii  that  all  ili-t. .rtiuns  from  tlv  -nupl.  -uic- w.i \r  tnrni  (.m  !»' 
traiLii  to  the  presence  uf  liarinonics,  ami  in  thi^  imm'  t!u«  t  ffct  t  is  cliu-tly 
prudiK  id  hv  tlie  i)n"<encf  of  a  pronoiinrtd  thir<l  ami  ( ■!  K  <sinip"ttanf  hiyhiT 
liarniniiir^  in  thr  in,iL;ncti~inL;  i\iriiiii  i\\\c  t..  the  li\-iiir-i-~  Ici.p  ..t  tht' 
transformer  inm.  It  is  ea-y  to  >ee  that,  verxa.  it  this  third  luiDUoiiic 
is  absent  from  the  magnctisinR  current  there  will  he  a  third  harmonic  in 
thi  wave-form  ot  tlie  mafinetic  flux,  and  therefor*-  in  the  wave  forms  of 
the  induced  i  .M.i-.s. 

Tlie  pre-<  n(  (•  ot  these  third  harmonics  in  tiie  >\st,jH  ui.iv  pivr  rise 
to  added  difticulties  in  switching  operations  and  when  simrt  circuits  or 
earths  occur,  a  stihject  which  is  dealt  with  elsewhere  ;  and  therefore  if 
In'  the  method  of  idniiertion  these  dit'tinihus  r.Tii  In-  ii  ihii  i  d  or  eluniiiiitid 
the  point  sliould  be  borne  in  mind,  tiiough  it  may  not  l)e,  in  itself,  dei  i>ive. 
Now  the  delta  method  of  connections  affords  a  closed  circuit  of  low  im- 
pedance to  the  flow  of  currents  cnustcl  h\-  tliird  haniioiiie  pn-  bit  ween 
lines,  whereas  no  -urh  cirruit  is  .ifforded  bv  tlie  star  method  of  i on- 
nection. 

Another  advantage  of  the  delta  method  of  connection  appears  when 
three  single-phase  transformers  are  so  connected  and  one  of  them  brenk-^ 
down  or  fails.  The  two  ^ound  transformers  in  this  event  aie  still  ,ihir  to 
supply  three-phase  power,  only  at  a  diminished  rating  ;  the  suppiv  lu  ed 
not  l)e  interrupted,  all  that  is  necessari*  being  to  cut  out  the  defective 
transfornier. 

It  is  not  possib.  n  he  space  available,  to  consider  the  effects  due 
to  these  iHculiarities  v  ai  their  details.  To  sum  up,  it  may  be  said  that 
wlien  single-phase  transiormers  are  used  the  ndv.intaf,'es  of  the  star-star 
connection  lies  in  its  simplicity  and  lower  capital  cost,  wIktihs  the  delta- 
delta  connection  has  the  advantage  of  ijreater  Hexibilitv  .md  the  al>senco 
of  the  third  harmonic  in  the  p.d.s  between  the  lines,  with  the  disadvantage, 
however,  of  higher  stresses  on  the  insulating  material  of  the  transformers. 
The  other  two  solutions  of  star-delta  or  delta-star  for  hit-h  ,md  low-voltage 
circuits  respectively  lead  to  other  considerations  which  have  led  to  much 
controversy.  The  advantages  and  disadvantages  are  accentuated  in  the 
hiis'h-voltag(!  (loo  kilovolts  and  o\-eri  tr.insnii— ion  s\st(  jiis,  of  whiili  Xhni- 
arc  now  numerous  successful  examples,  which  may  be  In  Id  to  embody 
the  results  of  experience.  Plxamining  these,  it  is  found  that  in  America 
the  majority  of  these  high-voltage  systems  us<-  delta-star  step-uj)  trans- 
formers and  star-delta  step-down  transformers,  tin;  transmission  lines  l)eing 
thus  at  botli  ends  juined  uj)  to  star-eonneete(l  circuits  in  tin-  transformers, 
the  low  voltage  circuits  of  which  at  each  end  arc  delta  connecteil.  For 
transmission  systems  at  lower  voltages,  say  50,000  volts  and  under,  the 
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high-voltage  transformer  windings  may  be  either  star  or  f^'l^^^'f^' 
Z  chief  advantage  of  the  delta  connection  being  its  greater  Ae^'bihty 

Bin?  Mains. -When  in  an  important  transmission  scheme  the  chief 
districting  sub-stations  and  lar,'..  consumers  are  convenunt  y  situated. 
Til.  desirable  to  run  the  transmission  Unes  so  that  they  evcntuallv  on 
a  loop  returning  to  the  p  neratin^  station,  when  the  crnductors  at  the 
^ndof  the  loop  can  be  again  c.mnected  to  the  bulbars  etc  of  the  ma  n 
switchboard.  Such  a  system  is  known  as  a  "  ring-mam  >y.tem,  and  can 
be  applied  on  either  continuous  or  alternate-current  systems.  In  tact 
wl,e,rtl,e  tran.nu.sion  line  is  very  long  and  there  practicaUy  only  mie 
chief  distributing  centre,  it  is  customary  to  diwle  the  line  into  two  1  nes 
oiiinarily  worked  in  parallel,  but  .hich  maybe  regarded  as  constituting 
the  limiting  case  of  the  ring-mam  idea.  •  .       ,  nt 

The  outstanding  a.lvantage  is  that  the  supply  can  be  maintaine.l  at 
all  the  distributing  pom,.  .  v.-n  though  a  s.  rums  fault  should  occur  a 
one  mint  of  the  ring  circuits.  Even  when  a  supply  is  required  by  a  large 
consCr  it  is  found  usually  better  to  run  the  transmission  hne  lioin 
the  nearest  available  ring  main,  though  the  consumer  S  works  are  situa  ed 
lome  distance  therefrom,  r,.,lu  r  than  give  him  separate  mams  from  the 

eenerating  station.  „  . 

To  obtain  the  best  results  from  the  method,  the  protective  gear  and 
switch  arrangements  at  each  of  the  transforming  sub-stations  have  to  be 

'"Sl^uoSt  Alternate-current  Transmission. -The  outstanding 
advnnt-^ges  of  continuous-current  over  .dternate-current  tranMui^MuP.  he 
/i  ^  n\  tlie  absence  of  inductive  and  capacity  efiects,  and  therefore  in  always 
working  with  unity  power  factor  with  no  losses  due  to  idle  cttirents;  and 
li.)  in  the  working  voltage  fron^  which  the  power  is  c.dculated  being  ho 
Ult.ige  which  determines  the  breaking  down  of  the  insulation,  whether 
bv  .h'ruption  or  corona  effects,  instead  of  this  being  determined  by  a  much 
Sgher  Wltage.  the  peak  voltage  of  the  wave.    Moreover,  tlu  rc  is  with  alter- 
nate  currents  tlie  increased  loss  due  to  the  " '  skm  ' '  effect  wherever  conductors 
of  large  cross  section  or  currents  of  high  periu.lie.tN-  lune  to  be  employed. 
Per  contra,  thire  are  n.AV  available  more  or  le>.  effective  methods  for 
improving  the  power  lact,.r.    Tlie.e  matters  are  fully  discussed  else«-here. 

The  disadvantages  un.ler  which  continuou-current  transnu-M,.,,  suffer^ 
,n  comparison  with  its  rivals  is  the  much  greater  ditl.culty  ot  obtaining 
the  hiiihost  voltages  whicli  are  now  in  quite  common  use  for  alternate- 
current  transmission.  In  other  words,  „,  e.,n,nu,..n-cunent  working 
there  is  no  engineering  apparatus  corre.punding  m  ^^orking  range  to 
the  step-up  static  transformer. 

On  the  other  han.l,  it  is  clainu  <i  for  the  high-voitagc  Lontamuu.- 
current  series  system  of  transmission  :— 
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(i.)  That,  t  -])i'i  Lilly  wlu  re  untkrt,'ruuiiil  c ,il>lc  tr.in>nii~^i(in  i-  ( --^ontial, 
it  is  more  flexible,  and  the  economical  distance  of  transmission 
can  be  extended  beyond  that  possible  with  alternate  currents, 
(ii.)  That  the  switch  gear  and  n-gulating  gear  is  simpler  and  easier 

to  manipulatt.'. 

(iii.)  Tliat  the  uniform  section  of  tin:  mains  allows  additional  loads 
to  l)e  accepted  and  provided  for  l>y  the  installation  of  new 
stations  at  any  convenient  point  on  the  route  of  the  mains, 
tlit>o  111  w  stations  being  run  in  simple  series  with  the  original 
station. 

(iv.)  That  this  running  of  st:iti<ins  or  plant  in  st  rif  s  simplifies  the 

]iidMria  cif  dralin:,'  with  jn  .ik  li'.iil-  ,1111!       .-•  a  more  efhcient 

>olutiull   tll  in  IS  l>i)— ihk'  with  .lltiinati:  (UlTtllts. 

(v.)  That  thi'  -jH  'd  i.  gulation  of  motui-generators  in  the  sulvstations 

for  special  loads  is  more  efliti.  nt. 
(vi.)  That  fireater  overall  ei^icitncy  is  obtained  when  the  generators 
are  driven  by  turbines  operated  by  water  with  threat  variations 
of  head. 

Polycycllc  Transmission. — This  method  of  transnli-^il>n  is  based 

upon  the  iiuleiieiidence  of  two  alternate  rmieiits  nf  diffi  rent  fiiqutiicy. 
or,  in  the  liniitiiit,'  ca-e,  ol  an  alteiiiate  ami  a  1 .  iitmiuai-  rniient  when 
flowint;  alcmi;  tlie  same  conrhietor.  Such  s\sttih^  wire  worked  out  and 
experimented  upon  in  190J  by  Arnold  and  La  Cour  in  Gernuny  and  by 
Bedell  in  America.  Since  that  time  they  have  been  revived  more  than 
once  as  offerini,',  undei  reitain  (Cindition>,  a  Milutinn  ef  the  jnohkni?  in- 
volved in  supplying  efticiently  from  the  same  circuit>  lighting  and  power 
plants,  in  view  of  the  fact  that  a  high  frequency  is  better  for  glow-lamp 
and  arc-lamp  liKhtiiis,',  and  a  hAv  freijuenry  for  alternate-rurieiit  motors. 

The  subject  is  very  inten^tini;,  ami  it  was  (iriL;ii,  ill\-  intended  to  describe 
brief.e  and  with  Miitable  diagrams  the  devire>  I.t  oveiTuiiiiiip  the  various 
practical  ditficulties  which  arise.  The  method,  however,  has  not,  so  far 
as  the  author  is  aware,  ever  been  developed  on  a  large  Fcale,  and  therefore, 
in  view  of  the  pressure  on  our  sjiace  for  other  Illatter^  of  iii'  le  unnitdiafe 
practical  interest,  it  has  been  decided  to  insert  only  this  brief  reference 
to  what  may  possibly  be  worked  cut  more  fully  in  the  future. 

VII, — SYSTEMS    OF  DISTRIBUTION 

Pressure  Permitted. — In  systems  of  distribution  of  eUctnc  power 
as  di<tni<  t  trom  systems  of  transmission  the  outstanding  feature  is  that, 
excejit  in  -picial  case>,  quite  a  moderate  voltage  has  to  be  employed,  since 
tiie  a]i]i.ilatu^  lia-  to  be  haililKil  li\'  III  Il-teehnu  al  1  1 -li-Uluel -■  wlm,  to 
safeguard  jwi— ih'.y  (  ital  ce-ii^.-ipinii  e-v,  mu-t  ii'^t  t»-  ii  il-le  to  th^-  ihuigers 
of  contact  with  e.xjn  sed  parts  of  circuits  of  even  nioduately  high  voltage. 
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In  fact  most  of  the  regulations  tor  the  public  snp].ly  of  electric  power, 
including,'  liul.tin^'.  t-  tin  ..i.linarv  consumer  limit  the  pressure  which  may 
be  use.l  to  >5o  v..It>  ab,.v.-  ^ailh  ix'triitial.  which  is  defined  as  the  voltaRC 
oiv^"  low-pressure  supply.-  or  to  050  vlt  -  t,.r  -]>.  .  ,,,1  purposes,  tln^  b. mt; 
deliii.  d  as  a  "  vudinm  pressure  supply,  '  only  p.nnitted  when  certain 
extra  nr.  rauti.  .n-  arc  observe.!.  In  Knclish  Board  of  Tra.le  regulations 
when  the  pressun-  i~  ..v.  r  (.v-  v,.lt.  npf.  th,-  Mijrlv  h     .1,  .  med  a 

high- pressure  supHv.  '  an.l  ab.jve  .'„o..o  v..h^  it  w  '  de.  lu.  d  an  e.vlni  lii^li- 
prcssure  ^itpplv.'  and  tli.se  pressures  are  not  allowed  m  a  supply 
deliv  t.-.l  t..  •:.v  .■■.ii-uni.-r-." 

Systems  in  Use.-  TIk  ~\-t.  iu-  in  e.  jnmon  use  at  the  present  time 
for  distrihutin«  electric  pow>r  lr..iu  a  generatinf,'  or  a  sub-station  to  con- 
Stuners  may  !>.:  -uiuniarist d  as  f.  ll.Avs; 

(A)  Continuous-current  Systems. 

(.»)  Tw.i-win'  -\>t.  ms  t^ivin-  a  .in. .  t  mivi.1v  at  "  \nw  i.r.-sure. 

(«)  Thr.  t-Nvue  sy^t.iu^  .yiviii;^  a  (hr.tt  Mipj.ly  (1.1  at  "  L.w- 
prf  v~ure "  between  the  adjacent  conductors,  ami  (u.l  at 
••|u.  .liuiii  pr. -un  "  between  the  outer  conductor.-,  for 
special  ].urp.  ~cs. 

(c)  Two-wir.-  s\  stems  trivint;  a  direct  supply  at  "  medium 
]iri-s>ir.'  "  flit  tra.  tiun. 
(Hi  Alternate-current  Systems.  ^ 

(a)  Tw.i-wire  .\ stems  giving  a  single-phase  supply  at  low 
pressure." 

(6)  Three-wire  systems  giving  from  two-pliasi-  transf..rni.  r^ 
{i.)  -in^l.  -pha--.'  -upply  at  "  low  pressure"  between  eit'.ier 
pha^L•    an.i  the   neutral  conductor,  and  (ii.)  two-phase 
supply  at  "  medium  pressure  "  b.  t\v. .  n  iilias.  s. 
(c)  Three-  ..r  four-wire  three-pfease  systenis  giving  (i.i  "alow 
prt--vin,'  "  single-phase  snppiv  between  phases  or  l>etween 
a  pluiM-  .m.l  tlu'  n.utr.il  c  ..iluctni,  an.i  (ii.!  a  three-phase 
supply  for  p.'wer  purpo:-e-  at  "  Jiu.iium  pressuri'." 
The  low  voltage  ]M>rmitted,  650  volts  or  under,  leads  to  continuous 
ewreuts  Ihiul;  '  r  lu.  r.'  .■i.miiK.iilv  u-.-.l  in  .li-tributing  systems  than  in 
transmission  >v>t.  ju>.  not  ..nly  In.au-    ■!  th..-  .thence  of  the  capacity, 
inductive  and  otli^-  i-ffects  referr.d  t.-  lu  pr,...lin-  i-a,;.-,  but  a.so 
b.  cui-  ■  th.-  C  UM!-    r  -  apparatus  is  rttlur  better  adapted  t..  utilise  con- 
tinuous-current p-vv  T  .  r      .  quallv  w.  ll  adapted  for  either  type.  There 
»  aswe  have  seen  afeo,  ni'Sj,,.,  1.1  ■luticultv  .  itli.  rin  t;,'n.  rating  (-(.ntiniious- 
curn-nt  power  at  050  volt^  and  under  or  111  tran.-.fornuiig  to  such  power 
hi-h-volt.iETc  transmission  mains.     Thus  it  has  come  to  pass  that 
wWst  l^'  far  the  f^r.at.r  part  ..f  the  wurl.l'^  Mipplv      electric  power  is 
aerated  as  alternate-current  power,  the  actual  final  utilisation  of  such 
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powt  r  (i  t  inilu^trial  an<1  domestic  purposes  is  widely  in  the  form  of  con- 
tinuous-current ])()wer. 

In  the  early  daii's  of  the  distribution  of  publicly  supplied  elertrir  po%ver 
more  I  iiini>li(":itc'(l  s\-t<  jns  wm  u-  -it  in  aililition  to  thi  sc  -c 'ii duli'il. 

For  instanrr,  botii  in  I'.nis  ami  \  i(  una  "  fivi.-wirf  "  systi-iu^  "f  distiiluition 
were  laid  down,  and  dc^criptii  n^  of  tlu  -c  and  of  tlu'  balam  i  rs  and  other 
apparatus  required  will  be  found  in  the  early  editions  of  this  book.  In  this 
as  in  some  other,  but  not  in  all ,  directions  modem  developments  have  tended 
towards  f^rcitt  r  simi>lirity.  .\  fiv<--wri'  h;danriT  as  bcint;  still  c^f  liistorical 
interest  will  be  found  described  in  Vol.  I.  (siv  pat'i  (>  -,51  i  f  tin-  (■ditit>n. 

DlStributOFS. — The   object   of  the 
distrihntioii    bciiii;    usually    to  suppb/ 
numerous  consumers  in  a  lii  'ted  .iri  .1 
with  electric  power  at  low  ■  1 
pressure,  it  is  most  frequent  1> 
more  convenient  to  use  underj^i 
rather  than  ovtrhcail  nu  thod-  of  nm- 
ning  the  conductors.    In  what  follows, 
except  other  methods  are  specially  rt  - 
fiTfcd  to,  it  will  br  assimifd  that  undt  r-|, 
ground  cables  are  used  and  that  on>'  or 
other  of  the  systems  described  earlier  in 
this  chapter  is  adopted  for  la\ing  the 
cables. 

Two- wire  Distribution.  —  In  low- 
pressure  distribution  of  electric  energy, 
whether  by  continuous  or  alternate  cur- 
rents, tlir  sinijilest  s\>tini  is  mif  inj 
which  two  insulati'd  conductors  are 
used.  The  different  consumers  are  con- 
nected, tlirtric.dlv  in  paiallrl,  to  tlii-i 
two  conductors,  and  in  practice  l  aiii  con-unu  r  1-  i  a  ]i,iir  <if  ti  iiiiiii.ils, 
one  connected  to  each  conductor,  to  wliicli,  tli!uUL;li  >uital«lc  safety  and 
measuring  apparatus  and  switches,  his  utilisation  devices — lamps,  motors, 
furnaces,  etc.  <^tc. — are  connected.  In  view  of  all  that  has  ;dready 
ap]ie.Urd,  it  i>  scarrelv  necessarv  to  i,'i\f  a  (liiiut.'iii  i>f  these  sinipli  ii^n- 
nectiuns,  but  for  completeness  one  is  gi\xn  ni  l-i.t;.  1.255.  'i^  which  the 
course  of  the  distributors  down  a  short  length  of  street  containing 
ordin.ir\-  dwi-lliiiti-hcri-es  and  a  f.n  ti'iA'  is  di.it,'r.iii  -n.itii  alh;  -^krirlird. 
This  >k(.tcli.  which  covers  the  casis  .\  [a]  and  H  {i  '<n  p,iL:i  IJ04.  needs 
no  comment  except,  perhaps,  that  the  symbols  -{-  and  —  imply 
continui'us-current  working,  whereas  the  sketch  will  serve  ju-^t  as  well 
for  alternate  currents.    The  voltage  between  the  mains  is  kept  constant, 
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the  main  A  in  continuous-corrent  working  being  the  4-"  and  the  main  B 

the  — '  con<hirtor. 

Three-Wire   Distribution— In   thtse  systems,  which,  as  already 

mentioiud,  are  tlu'  jik.cUtii  survivors  ..f  m..ri'  complicated  system^,  electric 
energy  of  either  kind  is  supplied  at  "  low  "  pr,>>>ire  to  ordinary  con>umers 
for  Hphting  and  domestic  purposes  generall\ ,  whilst  consumers  of  electric 
eneri^v  for  "  pow.  r  "  piirp.  ses  are  supplied  at  double  the  pressure,  thus 
obtaining  a  "jiudium  '  pres>ure  supply,  the  maximum  pressure  being, 
however,  only  50J  volts. 

The  sptem  cnn-ist<  in  running  three  wins  mstead  of  two.    Two  of 

these  wires,  known  as  the  "  outers," 
.-ire  cf  full  cniss  section  for  the  maxi- 
mum current  K'.hI  to  be  carried, 
whilst  tlie  tliird,  known  as  the 
"neutral"  or  "middle"  wire,  is,  in 
modern  practici-.  of  half  or  one- 
third  this  cross  section.  Ca1>l<  s 
specially  designed  for  such  di>tribu- 
tion  will  be  found  illustrated  in  cross 
section  in  FiKS.  1,180.  1,187.  and 
1. 188  on  page  114.5. 

The  method  itself  for  a  short 
lens^tli  <if  the  route  is  illustrated  dia- 
f.;rammatically  in  Fig.  1,25b.  The  mains 
A  ind  C,  the  "  outers,"  are  maintainetl 
at  a  constant  P.U.,  of  not  exceeding 
500  volts,  which  is  within  the  range 
of  "  medium-pressure  siipjily,"  and 
which  is  double  the  p.d.  of  not  ex- 
ceeding 250  volts,  the  highest  pressure 
allowed  to  be  supplied  to  any  ordinary 
domestic  consumer.  The  supply  leads  for  such  consumers  arc  connected 
either  to  a  and  B,  or  to  b  and  C,  but  not  to  .\  and  r.  On  the  otlur  hand, 
in  the  "  fact<ir\  "  where  sp'  cial  protective  devices  can  be  installed  and 
where  probably  there  is  some  degree  of  skilled  supervision,  connection  is 
given  to  mains  a  and  c  at  the  full  p.d.  of  500  volts,  wliich,  in  the 
diagram,  is  represented  as  being  supplied  to  an  electric  motor  for  trans- 
forming the  electrical  into  mechanical  power. 

Networks. — In  anv  uivi-n  district  witli  nuiiu  lou-  con-umers  in  different 
streets  and  in  different  directions  from  the  generating  or  the  sub-station, 
it  is  obvious  that  if  all  pos-sible  customers  are  to  be  supplied  an  elaborate 
system  of  distributing  mains  must  be  laid  down.  The  most  convenient  loca- 
tion for  the  underground  cables  is  und-.  the  footwalks,  where  they  can 
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i'<«.illy  be  laid,  and  be  maile  accessible  with  the  least  disturbance  of  heavy 
tr  :ific.  In  imi«>rtant  thoruUKhfares  these  di>tributinR  mains  are  laid  on 
both  i-iiles  of  the  stnet,  biH  in  lt>s  important  -tm  t-<  une  set  nf  m.iiiw  lu.iy 
be  used  to  supply  houses  on  both  sides,  thouuli  tiiis  must  mean  di>tuibing 
the  roadway  when  some  of  the  connections  are  being  made. 

It  is  obvious  tliat  mains  so  laid  in  m\\  crdm  irv  urh.in  siihiirl'an 
district  must  form  a  nttwcrli  (1om1\-  following  Ihi'  plan  i>f  tin  imiHipal 
streets  and  cross  streets,  an<l  jiiay  hv  regarded  electrically  a--  .1  <U  \i  lop- 
ment  oi  the  "  ring-main  "  plnn  referred  to  on  page  1202,  ina»nui  ii  as  any 


fig-  i.»57  — Simple  Caw  of  a  Twe-wiie  Nttwotk,  showing  Ktederj. 

particular  point  on  the  network  can  be  reached  by  more  than  one  route 
from  tlu'  source  of  current.  Part  of  such  a  t:KO-uirc  network  is  di  pii  ted 
diagrammatically  in  the  fine  lines  in  Vig.  1,-57,  tibviuu>  that  if 

any  accident  liappens  \nthin  the  network  area  boun«hd  by  the  Figure 
Y,  Z.  T,  s.  f  V.',  X— for  instance,  at  the  pijnt  T — tin  f,iult\'  section  may  be 
cut  .'Ut  A  circuit  without  interfering;  with  the  supply  to  any  consumers 
except  th;  .-e  directly  connecte  d  to  the  j)it  ce  cut  out.  Some  parts  of 
the  distributing  system  are,  it  will  be  noticed,  represented  as  being  out- 
side the  network  area,  and  therefore  lose  this  advantage. 

The  arrangement  of  a  thrcc-u  irc  network  is  si.  ular  to  that  >ketrhi d  in 
Fig.  1.357,  ^"^l  '^^^  ""^  ^  separate  figure.    The  fine  lines  of  the 

sketch  may  be  taken  to  represent  the  "  outers,"  and  since  the  "  neutral " 
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wirf  would  usii.illx,  in  this  case,  lie  contaimd  in  the  same  cable,  the 
ground        of  the  wiring  would  remain  unchangid. 

Fwiders.— In  modem  workinp;  the  low-  and  medium-pressure  eh-ctric 

•■nri>;y  is  nsualiv  supplied  frcm  a  sul)->tati>in  >it\iat(il  witliin  the  area, 
and  tlrawing  its  supply  of  entrgy  from  the  liigh-prissure  traiisjnissiun  liiu^ 
referred  to  in  the  last  section.  The  outRoing  terminals  of  such  a  >ul  ■ 
station  are  represented  by  the  dnts  a  and  n  in  Fit;.  1.^57,  i>f  which  A  is  the 
-|-"  and  II  the  — '  terminal.  If  the  netwurk  were  (onnected  to  a  and 
It  onlv  by  the  distributors  just  referred  t<i,  it  is  obvious  that  luian^e  i  t 
the  (c*x  r)  loss  of  voltage  catised  by  the  ohmic  resistance  of  tlie  con- 
ductors the  consumers  in  distant  parts  of  the  network  would  receive  a 
lower  voltage  than  those  near  a  Worse  still,  this  voltage,  if  the  p.n. 
at  A  B  were  kept  constant,  as  it  should  be,  would  fluctuate,  becoming 
greater  when  the  load  on  the  network  and  consequently  the  loss  of  voltage 
was  light,  and  (Irojipinf,'  as  the  load  increased.  As  certain  consuming 
devic  e>  for  instance,  glow  lamps — are  very  sensitive  to  such  changes  ot 
l)ressuri-,  dissatisfaction  and  complaints  would  arise  if  the  changes  were 
allowed  to  occur. 

Instead,  therefore,  of  connecting  the  distributing  network  directly 

to  A  .md  B,  spKi.il  main-  are  run  from  A  n  to  carefully  sclcctiil  ])oiiits 
a,  b,  c,  d  and  e  on  the  network,  and  by  certain  devices  to  which  reference 
is  made  in  the  chapter  on  sub-stations,  the  p.n.s  at  these  points  are  kept 
approximately  constant.  These  extra  mains  are  known  as  "  fcdiTS,"  ami 
are  indicated  in  Fig.  1,257  ^'V  *l'ick  lim >  running  from  a  and  «  to  the 
"feeding  poii.ts."  h'rom  such  points  there  are  led  back  thin  insulated 
wires,  called  "  pilot  "  wires,  which,  when  ctmnected  to  the  voltmeters  at 
the  station,  enabl-  the  attendant  to  ascertain  the  p.l>.  at  the  feecUng 
points,  and  thr-  show  hiii  when  it  is  nece— .n\  to  take  sttps  to  keep  the 
pressure  constant.  These  j)ilot  wires  are  shown  in  the  cross-section  of  the 
cable  illustrated  in  Fig.  i,2(k>. 

In  a  thrci  vire  ,-tini  tlif  feeders,  \\1  irli  tin critiiMlly  nted  only  be 
cables  containing  two  wires,  would  be  att.it  luil  to  the  "outers"  df  tiie 
distributors,  ami  thus  for  a  given  low-pressure  load  on  th«-  distribut(jrs 
would  can  \  only  one-half  the  current  required  for  the  same  load  at  the 
same  pressiire  in  a  t»*  c)-wire  sy^tem,  hence  leading  to  the  sa\-ing  in  copper 
which  is  on*'  of  the  chief  reasons  for  using  the  three-wire  s\stem  in  lieu 
of  the  two- wire  one. 

The  use  of  two-wire  feedirs  on  a  three-wire  system  would  onh  be 
practically  possible  it  the  loa(l>  on  the  tw-  sidi  -  i.(  the  >y-tem  wne 
l>erfectly  balanced  at  all  times.  With  the  llu'-tiiating  loads  due  to  the 
varied  and  varying  loads  of  many  consumers,  this  condition  ob\'iously 
cannot  be  satistied.  and  therefore  the  feeiki  able  ^ilso  usually  contains 
a  third  or  "neutral"  of  a  cross  section  onc-ilnrd  to  one-half  of  that  of 
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f.ti  li    (if    till'      I  'ihi-.  ■      riii^    t  ii.iMi  -    til,     li.il.mi  111^    .11  r.iiiu"  iin 
which  aro  «liMril>i  >l   in   tlif    lu  xt    (li.ipti  i.  to    1"    in  tin    pm  ratini; 
or  sub-slation  un<l>  r  skMh-il    sujH  rx  i-^ion   ;in(l    prai  tirallv  rontitniixi- 

(ili-rl V.lt  itill. 

Calculation  of  Currents. — ^Tlu-  fii-t  -ii].  m  ii.  ,iiiiii;  with  tlu  j'l.  1>1<  m 

of  tht*  sizes  of  the  coniluct«n>  tu  Iw  laid  diiwn  (or  .i  i;iv«n  ih-ttibiition 

^v-tiiu  til  iilit.iin  -oiiU'  i''('a,  liowi  vcr  .ijii'inxiin.itr.  i<\  tin-  in,i\iinuin 
(iiin  nt^  tiir\-  uill  to  i.irry.    In  tin-  c hihk  i  tii.n  ilif  -tiidi  m  -ln'iild 

rr-i.,iil  flic  i<inark?«  hiadi-  on        .-^  4    '  i"  4  ;_•  i  n  '  l.i  .  'l  (  uim-  ih 
"  I,oa»l   Factt)rs,"  and  t>n   "  I)ivii>ity    lMt  toi>.       M.inv   ot   tin ->  i< 
m.trks  are  nii-vant  to  the  present  profiK-m.  but  nn  d  not  henpi  ated 

ll.  ir. 

The  eoinpk  xit\  iif  the  problem  will  be  liirtln  1  ii  .iIhuI  by  i  oii-iili  iinj; 
the  easier  problem  of  calcnlatinK  the  currents  111  the  network  «hputed 

in  I  if;.  1,^57.  a^--iiniint;  lixi  d  IimiI-  and  that  tin  ic-i-t.im  i  -  of  tlw  <  on- 
dui'tors  .ire  kii  iwii.  The  i  .ili  nlatiuii  '  .in  be  niade  jiif-i  it  .idiK  b\  the 
a]>plicati(iii  ot  the  i,'eni  rali-atimi  of  the  laws  of  <  tirn  nt  tlow  nnl  <  iliiu  - 
law,  fully  explained  m  \ol.  I.,  am.  usually  n  Urretl  to  a-  Kiu!il;olf^ 
laws,  because  they  were  first  stated  in  this  form  by  Kirchhoff.  These 
laws  are  >])e(  iall\-  n-t  till  in  .ill  networ  k  i  .iKul.iiii'ii-.  .iiid  We  tlieietore 
{{ive  them  lure,  nierely  premisini,'  that  if  curniit-  i/ri/s  .1  point 
are  reckoned  as  -f-",  those  flowing  from  a  jxiint  mtist  lie  reckoned  as 
— '  and  7';V<'  !  <tmi  :  — 

(i.)  Jill-  ii!,L;<  I'liiic  '•uni  "t  tlu-  ninnil-^  ;Jiicli  fnc!  <it  any  f^fint  is  -<ro. 
(ii.)  In  any  i  lnscd  i  in  uit  tlu  til:;t  lii\iu  ^nm  nf  the  pruJucts  nj  tlu- 1  itirmt 
in  and  llif  rtsistanii-  uj  lacli  coiuitutor  or  part  «f  a  c'luliutor 
of  lilt-  circuit  i.t  ii/h<//  to  the  i  M  r.  in  //;<•  circuit. 
The  c.ilciil.itiiin  can  he  r-limti  ii<  d  l'\   i.itaiii  di\ii--.  wliiili  \m  uM 
tak,  too  much  space  to  explain  in  det.nl  lu  re,  but  winch  will  In  ti  iiiul 
in  books  dealin;;  fully  with  tht'  subject.    When  >-o  -hortetieil.  however, 
the  niuui  ric.d  work     l.iborioti^,  e\,  11  t.  i  tlie  vi  i\  ~nii].li  i  .i-i  i-\  1  i:   i  -'57. 
but  the  roulls  can  be  obtained  and  .iie  (jiiite  delinite  ;  in  l.u  t.  iii.n  hmes 
have  boen  invente<l  for  lightening  the  dnulgery  i>f  the  numerical  c.dcu- 
lations. 

Our  ])re>(  nt  ]»t(  blem,  \\liil>f  ol  tin  >.inie  nature,  ninre  coniplex  .ind 
<li'i>  not  admit  of  an  exact  nnnnric.il  solution  witliout  tin-  exjieiiditure 
of  a  disproportionate  amount  ol  time  in  intricati'  i  (ijnpiitation>.  It  is 
to  determine  the  most  economical  resistances  to  .tdopt  fi  r  l  ach  c  onductor 

of  the  lletwolk.     Till -e  (uuld  l>e  a-celt.iiliid  eX.ntK   li-I  ,1  11  dl^tllbu- 

tion  of  a  fixed  loail,  but  in  view  of  the  \ar\iiif,'  lo.id  1  urve»  reii  in  d  to 
above  and  the  diversity  factors  of  different  ronsttmerv  tin-  /<m</  ni>t  fixed, 
but  is  thictuatini;  in  different  \\,i\-,it  i\i!\  In.id  ;»'int  if  tin-  network,  and 
therefore  the  problem  of  accurately  ileterniining  tin-  nic-t  economical 
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size  of  the  main*  is  in  f^ractn-e  in^nliiltli'.  Tlii--  iloi-s  not  mean,  howivir, 
that  no  culcuiation  should  be  ma«li',  ur  that  the  sizes  should  be  chosen 
haphazard.  Some  attempt  shouhl  T>e  made  to  drtermine  the  maxiimun 
current-  m  i  .u  li  l  ondiutdr  of  tli.  m  tw^ik,  .iml  th.  n  the  problem  of  the 
sizes  of  the  main-;  can  be  separateh  coii>id(re(l  .1-  -t  t  lorth  below.  The 
current  values  adopted  will  necessiirily  be  quite  approximate,  but  some 
hint'^  as  to  im  tluxK  of  ai>proxiination  mav  be  Kivm. 

C.C.  Circuits.  -Tlie  maximum  i  un  .  iit  ni  the  simple  case  of  a  definite 
maximum  c.c.  load  supi'liod  tlii-iif^li  /,.«  .;>.•  distributors  is  easily 
obtained  from  first  principles  by  the  equation — 

„    .  maximtim  load  in  watts  , 

Masmmm  cnrr.nt  -        voltag^of  M.pi.lv  " 
For  a  thrcc-wirc  i  .e.  distribution  this  will  al-o  f;ive  the  cnrr.nt  in  the 
outers,  and  it  is  usually  assumed  that  the  current  in  the  neutral  wire  will 
n<  vir  .  xcK  il  one-third  i>{  tli.  current  in  the  outers,  even  when  the  two 
sides  are  niuch  i>ut  ol  balance. 

A.C.  Circuits.— In  the  case  of  single- f>lui^<  .li-trilmtion  with  twu-wire 
or  thru'  wire  distributors,  the  power-factor  of  the  h  ad  must  not  be  over- 
looked ;  tqii.ition  (1)  must  now  be  written — 

maximnin  load  in  watts  . 
vohage  of  suppb-"^^er  factor  •    •    '  ' 
In  other  respects  the  calculations  are  the  same  as  for  continuous  currents. 

In  the  ca-e  of  r-f>h,isi  di-tnbution.  if  /(!;(»•  /»vs  ;.iv  used  each  phase 
may  be  n;^- r.jm.il  to  take  halt  ol  a  balanced  load,  and  with  this  modification 
the  cakulati-jn  1^  the  same  as  for  single-phase  di>tribiition.  If  the  load 
bo  not  bal  inced  the  increase  due  to  possible  "  out-of-balance  "  currents 
must  be  allowed  for.  If  three  -a  ires  only  are  used— that  is,  if  one  wire  is 
a  common  return-  the  current  in  that  wire  mu>t  be  taken  as  1-41 
times  the  current  in  the  outers,  and  the  cr^ss  section  increased  accord- 
inglv. 

l-i  r  Hiiii-f^IuiSi  tlnci-wiri-  distribution  tlir  maximum  current  in  each 
win'  on  a  b.d.iiirtd  load  is  given  by  the  eciiiation — 

maximum  load  in  watts 
17  ^  X  v<.itage  between  jihases  >:  power  factor  ' 
Incrtased  cnrniit  ihie  to  out-of-balance  wcirkin?  must  be  provided 
for.  In  ilii>  ca>e  it  is  well  to  u~e  loin  win-,  the  ti  urth  or  neutral  wire 
beinR  designed  to  carry  one-half  to  full  current  of  the  outers  according  to 
the  degree  of  out-of-balance  working  expected.  In  A.c.  circuits,  should 
lart;e  conductors  be  ni.  t>s;iry,  the  "  Skin  EffiCt."  which  increases  the 
ohmic  resistance,  especially  at  high  periodicities,  must  not  be  overlooked. 
Tables  giving  numerical  values  for  this  increase  will  be  found  in  works 
of  reference. 

Sizes  of  Cables  and  Conductors- — The  maximum  current  to  be 
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carried  by  a  comhiitvir  fixt*  npjiri'Mni.m  l\  withm  .it,  m  limit-  tin  m/i- 
or  crosis-«t'ction  nf  tht-  comhutc-r  to  U  l.ml  ilowii.  t  itlin  t.i>ti'i>  Ih  .iring 
on  the  prohUm,  Muh  thv  ntiniinum  tliickni—  cf  insiilatii>n,  <ti-..  h;ive 
bf.  n  -t.iiiil.iicli-i  (1  ,mil  t  il'iilainl  ,is  t  \].l,,iiic  il  l.itt  i  .  A-  t .  iuimii  il  with 
the  -imilar  j)rul>lijii  m  .<  ti.iii-mi— umi  In  inf  \).\k<'  ii"'^  •  I'l''  '  l'"  ' 
diffcrfnces  are  the  low  voltam-  u>ed  ami  the  <.h«>rtt»i— •  "i  ili'  ili  t  hik  - 
involvetl,  both  of  whi<  h  brinij  into  pnintineni  c  I. H  tm-  s^liu  li  n»av  be 
ignored  in  long-distance  transmi>sions.  The  feedir  j>ri'l'l<m-*  are  inter- 
mediate Ix-twet-n  th'-  network  jiroblems  and  tht"-e  (or  U.nK-<li*tan<e  trans- 
missions 

There  is,  however,  <  n-  factor  in  tran?-mi-i»ii  n  ]<  '  <■  •  -vhich  di»a|tii«'ars 
fi.  iM  ili-trilnitii  ii  iMi'M.  ni-  ii.mi«  K-,  tli.it  wliw  i,  •  ^i..  ■  ''iiit  "t  il\e 
voit.ine  at  whi.  1,  the  ni-til.ition  l>n  .ik>  d'Avii.     1  •  u  volt.iKi - 

used  in  distributic  n  are  fixed  by  con«>iderations  of  sa;-  ..■.nl  ni.'  tin-  jH-rstmal 
safet}'  of  the  cdii-nilur-.  and  an-  >io  low  tli.it  for  .;;.>  ;  -..I'lcal  cum-  tlu" 
mpturo  "1  the  iii-nl,iti"ii  iii  id  nut  W  eon-id.  red. 

Haxiny,  therelorf,  (.ht.mii  d  .i  Tii,i\iinu'ii  •  .iluc  of  the  lun.ut  tc.  1m 
carried,  the  size  ot  the  conductor  to  be  umiI  can  Ix-  asieitaimd  by 
one  of  three  methods,  nan.ely — 

{a)  By  as-ujnini.;  tli.it  ,i  ciit.nn  iii.i\inu;ni  iiiii.nt  ilni-itv  is  ptT- 

mis-ible  irrespective  vi  the  >l/e  ot  tin-  n  niliu  tol. 
(6)  By  allowing  a  certain  drop  in  volt-  at  ltdl  load, 
(c)  By  ensuriny  tli..'  the  tempi-rature  ri--  ot  the  cabh-  .  i  li;'!  load 
lont;  contimu .  i. -hall  not  endanger  tht  instdatmi;  piopvities 
of  the  in-Ill. u.  r  with  regard  to  which  a  pn  j>c-r  factor  of 
safety  is  allowed. 

The  first  {a)  of  these  methods  Tt.de.  but  has  th.-  merit  of  implicitv. 
With  tli.-r  who  ii-c  it  .1  cnrrent  il.  i  -it\  ot  j.oo(.  .mii.'H-  i"  i  -ipi.in  iiii  li 
may  be  -aid  to  h,-  (luit,-  tashionabh  .  It  i-  an  ea-v-  di  i-ity  to  n  ji.emlx  t 
and  use.  Thus  ion  amperes  would  reqtiire  .r.  -tenth  of  a  square  inch 
of  copiH-r.        .Hi;]).  !.  -  ii  ji.s  ..f  ,1  ^.Mi.iff  in<  !i  .aid  -o  on. 

The  iiietliod,  liowtvir,  1-  -ci'.iititu  .lUv  al)-urd  ;!i'.d  iiidi  It  ii-iblf,  con- 
sidered from  the  point  oi  \u\\  ot  the  d.inmrou-  heating  of  the  win  It 
is  ea-y  to  see  that  with  a  lixed  current  (K  n-ity  a  thick  wire  will-  other 
conditions  beint;  the  -  iine— be  luated  to  a  iiii;her  tenipiratur  -  th.tu  a 
thin  one.  For  in-t.uuf.  ci  niji.irf  the  ca.ses  of  t\\.'  win-,  o  •  ■  'ii  -■,n.iie 
inch  in  cross  section  and  the  other  l  o  square  inch,  l  iider  tin-  » ,iMK)-ajni»  ie 
rule  the  first  will  carry  a  current  of  lo  amperes  antl  the  se-  on'l  a  current 
of  i.ooo  aniyieri -,  wlul-t  tin  In, a  t;(  mi.iti  d  pii  -(...ml  in  tin  l.ittii  ;  a-r 
will  be  loo  tinie-  that  generated  in  the  lornier.  Tin-  ln  .»t  .n  ( umul.itt - 
and  has  to  be  got  rid  of  by  conduction  and  radiation,  in  both  o*  '  . 
the  area  of  the  outer  -urf.icr  of  tin-  (-opper  is  an  ijnjK  rt.mt  .unl  ilirei  -r 
Btlt  the  second  wire  has  only  lo  tijne>  the  surfai  e  ot  tin  nr-t,  and     ■  • 
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upon  to  (lissip;»te  loo  times  the  heat.  To  effect  this  the  temperature  must 
be  raised. 

The  fact  is  that,  from  the  heating  point  of  \4e\v.  the  rule  is  absurdly 
safe  fur  all  sin.ill  in-ulatcd  \viri  >  with  -tandard  thicknesses  of  iiisulation. 
It  comes  tip  t(i  the  standard  practici  ^'i  nu  tliod  (c),  as  explained  below, 
at  150  amperes  for  rubber-covered  cables,  at  200  amperes  for  cables  in- 
sulated with  vidcanised  bitumen,  and  at  700  amperes  for  paper  or  fibre- 
insulated  cables.  If  the  rule  be  adopted  for  larger  currents  resin  ctively 
in  these  cables,  the  (  abU  s  will  be  tiinhily  heated  uiidi  r  standard  <  (.ii.iitions. 

Either  method  (/»)  or  meth-xl  (c)  should  tlierefore  be  ailojUed  in  the 
general  case.  .\s  fully  explaine<l  in  the  last  section,  the  percentage  drop 
in  volts  determines  thi  eoiiduetor  eft'u  iencv  ol  transniission.  and  is  the  i>re- 
dominant  factor  in  fixing'  the  -v/.v  of  the  eoinliK  tni  for  long  (list.ince 
working.  The  same  may  be  said  witli  iei,'ard  to  most  feeders,  esp-xially 
long  ones.  In  this  connection  it  may  be  jxiinted  out  that  the  1,000-ampere 
n\\v  discussi  i!  above  leads  to  a  dro])  of  I  volt  for  each  20  yards  ran  of  double 
(•(indm  tor  (lead  and  return),  wli.ttever  tin-  voltage  of  distribution  may  be- 
Therefore,  with  low-voltage  distribution  an  uneconomical  drop  is  reached 
in  a  short  distance.  Thus,  at  the  maximtim  voltage  of  250  volts  between 
tile  two  wires,  a  droj)  of  I  ])er  cent,  is  effected  in  50  yards.  The  jiermissible 
drop  ill  the  1.  li.  K.  rules*  lor  ligiitiiig  circuits  "  must  not  exceed  per 
cent,  plus  a  constant  allowance  of  i  volt."  This  gives  6  volts  as  a  maxi- 
mum for  low-jirt  ssure  circuits  (two-wire)  and  II  volts  on  the  outers  for 
tiirte-wire  systems.  Tile  first  limit  is  reached  in  120  yards  run  and  the 
secoinl  in  iza  yards,  or  one-ei«litli  of  a  mile.  Tliese  distaiKes  -.no  often 
exceeded  in  practice,  and  therefore  the  i.ooo-amiKre  rule  must  1h  dis- 
carded and  larger  conductors  used,  the  size  being  fixed  by  the  permissible 
drop  in  volts  ii  method      be  UM-d 

In  method  (c)  a  different  set  of  considerations  involved.  Tor  each 
insulating  material  there  is  a  temperature  beyond  which  it  should  not 
be  he.ited,  lest  its  insulating  properties  should  deteriorate.  Tni^  tempera- 
ture in  the  1.  K.  K.  rules  is  assumed  to  be  5.)-4  C.  (i.'.o  1-.)  for  nd)ber  and 
80°  C.  (176°  F.)  fur  paper  or  fibre.  It  b(  ing  then  further  assumed  that  the 
maximum  temperature  of  the  air  will  w\X  exceed  377^  C.  (loo^  F.),  the 
curnnts,  detcrjnintd  exjurimentally  which  ran  be  carried  by  various  sizes 
of  ciljUs,  are  n foiiltd  so  tiiat  tin-  rise  ..|  tejn])eratiiie  at  full-current  load 
shall  not  exceed  iia  C.  (20  for  lubber  cabUs  ard  277''  C.  (50'  F.) 
for  ]iaper  or  fiore-insulated  cables.  These  restdts  are  emlxidiwl  in  a 
valiiai)le  t.ible  issued  with  the  1.  K.  K.  nile<,  which  should  b*'  consulted  in 
determining  the  sizes  of  distributors  to  be  used. 

One  remark  may  be  niade  in  conclusion.  The  adoption  of  the  mist 
economical  size  for  the  coiiductors  in  each  part  of  the  m  twt.ik  wouUl  necessi- 

*  Wiring  h'uUi  0'  thf  /mtitulH't  of  FJtrlrual  iE«rci«rt/i.  i  ih  rdii,,  issued  April,  IQII. 


tate  the  stocking  of  ;i  Krt.it  luijiibir  of  difftn  lU  >  i  t  i  .iMi-.  >\<u  if 
only  the  approximatf  clctfrniin.iti.m-^  In-  ;ul.>pti(l,  and  -till  in<Tr  -i'  il  in.Tc 

aC.lir.ltr   .Ml<ul,ltlnll.   .'IV   .IV.lll.lM.  ,      It    I-   .  bvi.  M-lv    -t    l.IhtL.ll  imiMTt- 

ancf  from  jnaiiv  i)"int-  >il  M' \\  ili.it  the  inuul"  i  ..i  -  i  i  ■  .A<\<-  ii--itl 
should  hv  reduced  to  a  mtniiuiiin.  and  tlii^  .  .  n-ul.  i,iti..ii  ,il..ih  jn.ik.  > 
it  iiiiui  1  ~-  irv  to  carry  the  calcuLiUoiis  n-ferrcd  to  ahovr  to  a  lii^iii  di  kuc 
of  ai  l.  iii.u  \ . 

Overhead  ;  .  Underground  Transmission,    i  h.  i.i.itu.  ,ul\ ,iiit.ii;i 

and  disadvantagi- <'f  oMihrad  .iiid  inul.  i>;iM\nid  method-  i4  f i,iii-nii--ioii 
will  havi"  <  tncrt;«'d  in  ihi'  fdn'Roint;  paKf-.  and  it  will  have  Ix  conu'  i  vidt  nt 
tli.it  iiiitlhi-  method  hold-  tlir  ticld  t.i  thr  i\' lu-jon  .,i  th,-  ..tli-i.  'I  he 
lui  thod  to  !)<■  adopted  in  a  jui  ticul.ii  .  will  .I.  .  id<d.  .1-  111  nio-t 
ent;iiuTrin(;  fiiterprisi's,  \>\  .111  <  \i>iit  \viiL;hniu;  "i  th'  \\li..lr  ..|  tli.  -[..iial 
.  ..ii.liti..'i-.  ..itt  iitinv-  ic'iillii-tiiii; ;  .aid,  abuve  all.  by  kcti'infj;  w<  ll  in  \uw 
the  imaiiri.d  coiiuuitmmt-  ami  probablf  tinanoial  n-itlf-.  Tlic  ■-i>t  ial 
condition-,  will  -.•mftim>-  point  dccid'dl\-  t.i  tlh-  u--  oi  .  -..iIh.mI  ..  n- 
ductors  and  -onu  tinu  -  ju>t  a>  dn  idcdly  to  tlu'  u-.-  ot  imdt  igiouiid  cabli-. 
The  lx^>t  pos>ibK'  solution  will,  as  a  rule,  bo  a  compronWM'  in  which  favour- 
al)le  an.l  advers*-  circum^tancts  are  most  skilfully  Iwlanctd  again-t  out' 
another. 


CHAPTER  XII 


SUP- ST  A  TIONS 

As  an  indi-pt  n-abl..'  link  in  anv  nvnlnn.  '^ch.-mc  fnr  the  rloctric  trans- 
mission and  distribution  p"\vrr.  >  \  ru  on  ;i  iikhI  r.Ur  -r.tl.-,  the  -ub- 
statior.  plays  a  very  important  part.  l  sl,i.ulu  iir.vc  as  mucli  caio  lustowed 
upon  all  (li  tails  of  its  orcction  and  rquipiat-nt.  including  a  arL-fiil  choice 
of  silr.       till'  main  Lri^ncralitiL:  •■'tati.iii. 

The  tunctiun  of  a  sub-s-taiion  i>  to  < '.lani:''  the  type  or  vwh.ice,  and 
L'vpn  more  froquontly  both  the  type  and  the  voltage,  of  the  el.  i  tti<  al  power, 
so  that  it  may  be  -nitablr  f..r  tiie  next  step  in  the  scheme.  The  n.  i  e--sity 
arises  as  retranl-  tvpr.  b,  ( ,in~.  ,  a^^  we  have  seen  in  the  pr- r.diiii:  paijes, 
it  has  been  Iniuul  imivr  ailvantau'eo"-  lo  transmit  electric  \^<<w\  ■m  v  hmi; 
di-tani.s  in  the  form  of  alternate  ekctric  currents,  whilst  fcr  many  in- 
dustri.d  iniiii^  M-.  the  continuous-current  type  is  the  mon>  convenient 
for  final  utilisation.  As  regards  voltai,'.-.  the  mn-t  e.-oiioniic  .il  ,iiul 
possible  vulta);es  for  long-distaace  transmission  are  imuli  hi-lier 
than  tan  be,  at  present,  directly  generated,  and  are  still  further 
lemoved  fi"i'i  the  vohai^es  which  h.ivi  b. .  n  found  both  convenient  and 
desirable  lor  u; I linarv  use  whaltver  fuiin  ot  utilisation  is  required  by  the 
consumer. 

A  sub-st  ition  is  thiiefore  required,  not  only  at  the  consumer's  end 
of  the  tr,ir.snii--ion  line,  where  mo«t  of  the  Renerated  voltaee^  are  too 
high;  but  soJu^tiIlle^  even  at  the  i^enrr-itini;  iiid  s,,  that  tl,.-  voltnt;c 
generated  may  be  "  stepped  up  "  to  brin^'  it  to  the  level  Ilerl^^-ary  for 
economical  transmission. 

In  the  prec.MlinL.'  p.i^'. -  thr  variou-  das-  -  of  ehrtiir  p.Av.-r  trans- 
forming apparatus  l.ave  been  fully  d(  scribed,  and  indd.  ntally  si>niP  .letails 
of  sub-station  work  have  iuready  been  i;iven  in  connection  with  yeneratins 
st.itioiis  in  rhaptcr  III.  The  object  o!  the  present  chapter  is  to  descriln; 
how  these  ..lid  their  .iccessories  are  as-.  i'.i.lr,!  .md  cc-ordinated  t.  form  an 
efficient  and  flexible  link  in  the  gencr.d  -du  Hf  . 

Toi  cU'aiiiess  of  arranjjement  we  cannot  do  bittir  tli.in  .idopt  the 
-ame  divisions  of  the  subject  that  h.ive  been  adopted  in  descnbine  the 
diffi  reiit  tvpes  cl  t..m-f  Tniers  -epar.itdv  m  CI  •  \'\]  VllI,,  md  IX  . 
leavmi;  fo-  the  present.  -m  <-  then  modern  loim  i  -  iiow  bnng^  evolved, 
"  Keetitier  '  sul>-statioiis  as  alreaiiy  uescrilud  briefly  in  Chapter  X. 
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We  shall  thi-rcforo  tlcal  separately  with  :  — 

(ij)  Static  transformer  sub-station-. 

(ft)  Kim  tii:  tran-t>>rm<>r  sub -tatioiis. 

(c)  Secondary  battery  sub-stations ; 
in  which  the  voltaqe^  do  not  oxcpcd,  say.  '.o.noo.  The  su!>-.tati<>n« — static 
tran^fonui'rs  ami  diii'tlv  outilnor —lianilhiiL;  th''  hi:;Ii'  -t  \-  >U.i^.-».  3"  kil"- 
volts  and  owr,  will  bt  more  Knivi'iiiriitlv  di  alt  with  iii  a  p.ii.iii  .  ti"U 
after  (a).  The  alwve  ckssification  w  ( i.nvi-ni.  nt,  but  \\"\  .  \.  lu-iv.  ,  t.ir 
it  fre(iuently  happt-iis,  more  es{X'cially  in  section  ,  liiat  moie  tiiaii 
om-  type  of  tranr^toinier  is  installed  in  a  particular  >ub -tation.  A  final 
section  will  be  devoted  to  operations  of  general  interest  ui  Mili->tation-. 


I. — SlAllC  TKANSFORMt-R  SfH-STATIONS 

Wherever  the  {wwer  is  supplied  and  has  to  Iw  pasM-d  cn  in  x\\>-  alter 
nato-current  form  with  a  mere  ■  hance  of  vultau'e,  or  a  ch  iuqeof  v^liaL'e 
aiul  pha>e,  the  pDper  tvpe  of  transformer  i-  the  -tatic  traii-t' ■riii' i .  whu  h 
is  the  sitnplest  of  ;ill  transf.jrmer'^.  .is  it  lia~  n..  inuxini;  jkiii-  .hh!  iIj' !■ 
fnre  p  quire;  a  niiuinium  >A  .atention.  In  thi'  eailv  -  "f  thr  ah^  iiuiii- 
(  urrent  supply  i>f  tl.cfii.-  ji.wer  it  wa-^  the  ru'^toin  t"  ^li-frilmte  frcnii  the 
(generating  st.ituMi  .it  ,i  \.'it,iL:.  i  '  •  "i  v,,i-  p.  niii~~ilil'  n>-ral 
consumers'  use,  and  a  pr.>p,  :ly  picti  >  tr.i  vtep-dowii  ]V!i  il!<  tiaii-i.  uner 
or  a  series  transformer  was  iti>talled  in  or  near  tlit;  ct  ii^iuuerV  prt  niise>. 
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Oiilv  tl..    ..  ....ii.l.iiy  nr.  iiit-  .,1  till-  tr.iii>|orni>  r  .it  ,i  l..w  .irnl  j.iio  vult.tfi.' 

w.  r."  a.  ci—ihle  t..  the  t  onsunuT.  Tlit-  primarv  rirniits  of  thf  transform,  r 
w.r,'  always  on  tlii'  .-uppiy  m.iin-,  ami  tli.'  <.\Hn  .iixnit  |..-~.s,  tor  wliich 
n.)  .-liar^'o  could  !>.•  nia.lf  t<.  X\w  .  onsum,  r,  w.  io  -...m.  tiiii.s  ronsid.TaNo. 

A-  <  \|..  ri.  II.  .•  111.  rtasfd,  it  was  found  nuich  more  txom>mtcal  to 
■  niLiii.'  th.'  tran^foriiUTS  for  a  .dnv<iiii-nt  Krouj)  or  s.  t  of  (■..iismii.Ts  in  a 
skitjl.- tran-lonn.  r  of  K-vs  ,  ipa.  itv  tlian  tlir  ^niii  ..t  <Mi.,i.iii,  s  ,,(  the 
.h-l.l.i. .  .1  tia';-;,.iiii.  |..  ,111.1  wh..-,.  1,,.  !..,.. 1  1,..M-  u..uM  I,.  1,  -  th.m  tl,.  .,mi 
'>t  th.-  n..-loa.|  I.  ~  .,|  ill,,  sipai.it.'  Mlh-i  ni..  ! ^'  tiaii-t. .i iiu  i-.  I'art  ..f  the 
fm-r^v  -av.  d  was.  of  coursi-,  lost  in  the  liitrhcr  C- R  lo>s,^s  of  the  -.  con.jarx 
network    Lnt  •  .ii  th*' whole,  for  obvious  na-..:,-.  .^.  s,il.M,infial  lmiii  i.  mi1i,,]. 

I  li.'  ti,iii^l..mi(  r,  or  traii>tonii.  i 
for  a  urottfi  of  sithscrilicrs  i-i  cm- 
vcnicrrtlv  ami  .  h.  aply  an  ..iiim.  - 
ilafi  .i  ill  a  I  h,iiiih«  r.  usually  l.ii.  k- 
liiH.l  in. I  i\.,i\atfd  Inwafli  tin- 
r..ailwa\  or  f..otway  of  a  imblic 
tliorf.ii.t;hfar<' :  and  thns  lias  bf.  n 
'A"l\..l  th.'  -iiiipli-t  form  of  suli- 
-tati..n  that  ...tild  be  cUvistd. 
namely  the  "  Subway  Transfornu  r 
rii.inibcr."  A  ,  tioii  of  a  -tarid.ird 
tx  pe  of  su.  Ii  a  ^ub-^tation  is  given 


I.J5S,    wliirh    depicts  a 


;-e  !'■  \  t.)r  a  Sulw.iy  'I'rars*  .rnier 
(.t-am!:cr. 


'ubway  tran>ifornier  chamber  as 
<!e.;ii,'ned  bv  the  engineer';  of  the 
<"..'ii.  r.i!  i:i, .  ii:,-  Ci.iiip,iiu  of 
><  li<  ii«  ctad\ .  riie  M  l  tion  is  almost 
M'lf-explanatorv.  The  hifjh-volta^e 
-.  r\  i.-.'  ni,iin<,  in  .lu.  i-.  at  a  c.in- 
v.  ni.  nt  liistanrt-  low  the  roadw.iv, 
■  iMiiiber  at  one  '-ide,  and.  if  n  quin'd,  !..iv.  it  at  another,  to 
t..  ..tlier  vub-stations.  In  passing  tlir..ii-Ii  rhrv  Mijiplv  tl,, 
primarv  circuits  of  the  two  transformers  shown,  .m.l  .iiiv  a(l,iiti,,n.d 
one-  m  tlie  .l.,imb.r.  Th.'  ..mdary  cinuit-  aiv  1,-,1  ,,\v,i\' to  the  con- 
Mini.  r:.  tliroiiL;li  tin  .lu.  t>  s  >.  The  .  hamlH  r  should  be  made  as  water- 
tiylit  as  i>ossible.  and  clo>ed  at  th.'  top,  with  .«  manhole  having  a  wat.  r- 


.  iit.  r  til 
p.i--^  .111 


tiKirt  cov.  I  i.|..\i,|,'  .If  lin-T  ,iici.l. 


I.  .-iimiil.ition  ol  w.it.T, 


the  l..we-t  1...1IU  w  ...iiii..t..l  thr-.u^h  a  pi<.j..rly  tr.ipped  duct  to  the 
sower  ,is  shown.    The  transform.  rs  also,  as  descrilii  d  elseAvhcre,  should  be 
in  wat.Ttight  cas.  s  with  watertiu'lit  bu-liini;-  f.  r  tli.'  .  ntrv  of  the  cables 
Such  standard  subway  transform.-rs  ar.  in.i.l..  m  m/,  ,  tr,,in  5  f.i  100  kilo- 
volt-amperes.   Their  no-loa«l  l.wses  should  \h'  as  small  as  possible,  their 
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tliiir  tfnijMTatiiir  u-<-  -m.ill  ,it  lull  li'.Kl. 
unVTi>tilut(-<l  .(till  till  ihmIIv  ;ilii)u>t  iii-ui.itrd. 
that  mi.i;lit  \m-  (■(m>i<l»Tf<l  ntressarv  in  swrh 


!  mil 


rndiatinK  surfacts  larRc.  an 
'•inrc  the  liiamlHTs  arc  u>inall 

1  1k'  I'lllv  ctiitT  ,l))lMr,ltU 

a  '-ul>-statii)n  i<  a  \vattrtif;lit 
fuse-box  containing  a  suit.ibli' 
fiiso.  A  >taiulanl  p.ittnii  nt 
>uch  a  Ix'N,  as  inaitiilai  tuu  <1 
by  the  (it  ntral  Electric  Com- 
pany, is  shown  in  I'ifi.  i,J3<). 
It  can  be  attached  to  the 
w.ill-  1  ■!  flic  .  li.iiiihi'r  III  .iM\' 

ClillVl  lllCIlt  l)(l>ltll)n.    l  lll'CnNi  l 

is  provided  with  a  moulded 
lulihri  Lra^kct  to  rendtr  it 
watertight. 

The  translnrnii  i  .  i;.iiiilii  i 
need  not  neCfs-aiil\-  In  nudt  r- 
uri'Mnil,  hut  in.i\-  br  plaied 

.'Ih.\  I  tllr  ~III  r  il  .  I'c 
laki  11  111  the  di  -icii  III  till-  I  I'll- 

tainin«  kiosk.  Mich  a  chamber, 
<•!  HI  .ini.iiiK  iit.il  .  li.ir  r  |,  ■ , 
ili>il,'llril  li\  t!ir  l!ntl~li  l.j.  ,  Ill, 

rian-toniH  i  Cu..  I  imiti  d.  i"! 

111  irsidriitial  iii~lrii  t-.  In 
-iinwn     ;ii     I  1^.    !_;()  )  ;    it  N 
.i  |.\  .1  l.iiiip.  whli  ll. 

..I  I  iiur-r,  1(11  IMS  i  iii  r;;y  Inun 
tin-  '.r.in-formtr  in-idi  Tin' 
Ki— k  1-  iliviijid  li..ii/..nt,iil\- 
into  two  •  h.iiiilitis  an  npjitr 
and  a  lower-  and  <  an  l>e 
'^pi-ned  (I'r  in>pirtii>n  1>\-  l.'li!- 
ini;-iloi.i-.  nil  up|iu-iti  -nil-. 
I  111'  liiwi-r  I  l!,iinl"T  •  ■  iiii.iins 
the  tran-loMiu  i  ,  whii  li  may 
be  of  am-  n  i|nired  >ize  up  to 

IDO  kill  i\  I  ilt-.llllpi  1 1  -  Inr  tini  r- 

pha-e  I  inreiits,  ur  j  ^o  kiloMilt- 
am{Kres  tor  siiii,'le-phavf.  The 
upper  1  luinilii  i .  whii  h  i~  the 
shallowi  i.  i  iii!taiii>  on  one  >ide  the  higli-\ulta>.;r  hi>i  ^  .md  on  tii 
the  low-voltaqc  fuses.     There  is  also  space  fur  some  !,wit<  !i 
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(Ifciu.'d  nr.  .-iiv  Until  l[mii-\.'lt.iu'  .m.i  l..w-\Mlt,u.-  Irads  are,  of 
cmir-i',  l>t.>iiL::is-  iiu  ■  tlii>  kic^k  tr.im  iiiiilrri,'i"imil  ■  .imlim-. 

Till'  -itn|»lt  -iilnv.iy  rliamlxT  i-.  <«(  (oiir-f  tinsuitabU-  it  the  {K»wer  ti> 
bi'  di-alt  with  w  Urm  .  <>r  it  -witrhiiii;  ..piiatn.it-  .r.ul  :;ir,i-.iir('tiifnts  an- 

  iiri  i       \ ,      It    I-    .il-"    uii-i!itai>li-    it'  t!i' 

l.imi,ii\  \c.lt.iv        mil.  li  al...\.  \'.'ll 
I  iu-  <  .>iuliti<'ii>  111  Hii;  tairl\-  >im|.li-.  th.- iU'sii;i) 
i  t  a  ninn-  'inh'^tantial  <tih-«itati.>n  nttpr>i  fevr 


:i 


Kig.  I.JM 

tin'  vi'iitil  itiii 
flt  ir  aivl  trail 
g.ai  irliti\i  t" 
and  til.'  aiiaii: 
The  -inii)lr- 


ar. 


. '.^'il  I.  iit- 
II,.  1  ■      .Ihl   tli  1>..- 

•y-  .111. iTi'ii-r.  .iwi  11'^ 
-    •  nt-      '  1.  ;  .11- 
l         .  r  .at  .•:  tv... 


.li'r;.  iilii.  -  \\!i.  ii  '!-■  . '.u.!iti..ii-  .ii.'  pr.iprrK- 
li  all-I  ll.     I  hr  >lll'|i  I  t  ..l  "Matir  Mih-^tatii  ii 
l)t-i.;ii  "  \va>  dealt  with  vtrv  fullv  by  Mi 
r    \'    lluntrr  in  .i   jiaiwr  n.iil  iMfnn-  tl.i 
lii-titiilu.ii  I'l  l-;ii>  trii-..|  laiuinirr-  in  Kill  * 
.iiid   I  ti;-.  l.-<iT  til  I. ^''4   .Hi-   taiifci-n  li..:  . 
that   }>j|>ti.  in  whirli   a-  m.in\    a>  twehi 
diftiniiiff  (li-i'-;n-  .it"  d<-iiilifil.     Tin  vari.i- 
Ii.Mi-  .1-  '.  ii.i  iiji..:i    1-    till   iininlirr  i.|  tr.in- 
li.nin  r-  ai-t.iilr.l,  in    t  in- 1  vj"' i  .1  ttan-i..niu'i . 
i  1-   \vlt»tnfi  -rli-  I'l    "tluTwi-f  riinit'il,  and 
■;i     I'lr  n  l.itixi  |)ii-itii.n-  <■'  -witi 'i 
.11-  i.f  li;ul!   and  luw -vnltayc  switcli 
t!i.  ,nr« — ^liulitv  111  tlif  tiansfuniuMN 


-■It-i 

r 


seoticm  and  in  j.l.in  :r   I'iu:    i.Ji.i      1'  n 
fiiniHr>  aiv  placed  U  t\v«  ■  ii  th.  i\m.  ><•-  "i  -»it' 
ffiar,  and  the  liii,'li-->  ilt;u:'-  (iiniiv  enterini.'  at  t!i<- 
rii:litdi,ind  -id-  pa—  -     -  'l  u."  .  -tr.UL'  tl,i..iuii 
tilt'  statli.n,  a.nd  eliu,-.  -   a-    ..-~vv-\..It^.  r!irll,'\ 

fmm  the  left-hand  >i<ir  Th.«;:h  tt^  im  mii;i- 
nient  i-  1 .  .ii\eiui!it  t.ii  i.i!ii''^nu  m-  it  iia-- 
the  di-.n!\ .int.ii;.  tint  li«  -witelil"  nfil-  an 
back  to  liai  k.  an.l  till  1.  -rHTtt.-  •■  -i.lii 

in  fttint  I'f  one  Imaid  canii'^  -ft  tu<   la..  •! 
the  nther  hn.ird, 

Till- ili-a.|\, lilt. i|^i  i-  rem.       Mii  tin       n  n 
shown  in  i'lj;.  in  which  tii    -tati.  n  :  . 

twii  <tiirev<.  the  transfontier-  I-iiil;  "ii  tlf  sronnd  Hour,  and  tin 

s\Mt.  I1I1...111I-.  ii'.w  tariui^  0111  .til. 'till-  •:.  !■  the  upper  iiKim. 
tiau-loriiu  r-  ..re  in  -i  p.irali  uieW'..'  ii:.!.  .  to  (liiiiir.i>li  tin 
ri'  k:  hut  m  :\  littl.  ]iiovi-ion  1-  ma.i..-  I.e  \.- ntil.ition.  Tin  lui-l>.ir 
both  hiyll  .llld  low  \.'!t.lL,'e.  Ml-!  l"-hii*  the  •  1^  ••!  till!!  re-pectn 
*  Icurn.i!  y  t\i  I'.i!  t.t.  •:  o>  r:,\tr.  »-«.    \'o--  M.'.'I..  l-ige  4' j. 


I.  ■< .. 


itCTiON 

-Tu\i-^twrcy  Iran'- 
Su'  -station. 


it.- 

hi. 


Static  TitAX-tt^KMKK  Srn-sT.*rioxs 


'-witdihd.uil-.     I  111   oil  ,in<l  nt!;M  ^wili  ii.     ,11.  ■■i"i,.r.  .|,  .111. 1  tin- 

low-v<)lt;iKi'  fctdfi>  an-  r.it  kiil  .iL;,im^t  tli>  li  tt-h.iinl  wall  ainl  li  a\i'  tin- 
huildinc  at  the  end.    Thi*  <.tati.>n  wa-  Imilt  in  i()"4 

A  tar  inmc  rl,ili.irat>-  anaii^i  r.u  nt  1-  -l^nwn  in  l-'ii;-.  I,.::*^;  and  I  Jf'4. 
wimli  t;ivf  tile  -ii  tiiin  ami  ]ilan  nt  a 
■station  lUMlinK  witli  a  niaxinnini  load  ol 
ij.ooi)  k\.\.  in  four  M'ttiun^  ui  '..mxi 
k\.\.  lai  li.     Tile  tran--fi>nnir<  arc 
ni-ula!i  (l  anil  w.iti  i -iDoicd  l>\  me  an-  "l 
^jarial  luuUis,  wluili  alV  plactd  Ml  iIt 
Itan-to  at  the  kft-hand  side,  tin- 
Mil  and  the  wattT  Ixint;  innnpwl 
tlii()Uf,'h  tilt'  traii-t- Tnt' I ^  liv  I'lniijis 
driven     by    altetitati- -  (  urn  nt 
motors.     The  tr.tnsfurinatinn  1- 
from  ().(io()  volts  to  joim  m 
IL-  \i >lt,ti;e  iH'ins  r.ii-i'd  |.  !  Iniiik- 
line  tran>nus>>ion.   Only  the  liif;h- 
voltage  switrh  k.>\\v  i--  in<lirat( d 


tl.'  I'.,ine-.  ( Hfi  hr.id  hI'.iiiL'  ijcir  1- 
|ii"\  i.lrd  ill  till  traii-lciinii  1  inoin.  t!ii-  Ik  in,  n  ndt  !i<l  neif~-..uv  l^ii  tin 
n  pair  and  uvrrlianluis;  ul  the  tian^!.  rni- 1>.  e.a  h  of  uhii  li  \v^■i^ll^  npw.udv 
of  J5  tons.    Serious  njniir'..  ate  he^t  carried  otn  at  a  i-.-ntial  n]iaii 


^IB^j  ^B^i  ^'B-ti  ^i^^jS 


■  1 


—  •  —     —  ■  — ■ 

i  *r  3u' — tatiD.i  wiih  » 'il  an-!  W^Mr.". 


■  .  Plu-  1 


'-hop  ,<rtA  Ii«a\\  tran-ilorni'  i--  ^h^nid  al\v,i\-^  In-  mounted  an<l  traii-portuii: 
ti'-  II  I'l'        '1  ~"  til.''  tinA  nia\  b'  i,i-il\  nioiii 

.\  !  .Ilk  oi  tr.tn-fornier^  w  a  niodi-rn  -iih--t  r.ioii  i>  ^liowp,  in  l  iy.  i.J'n  * 
which  -how>  till-  10,000  ;,o(M.-volt  \\  > -tinchou-i-  tr.in~!otiniT^  m  th<' 
Catlord  station  -f  th-  Soutli  Mi  tropohtan  iCli-.  trie  I.iciit  and  I'ouv  (  oiu- 

*  For  tins  aim  the  t"i' following  li^urcs  Ihr  mahm  1      Jel.ln!  1    T"  A/,  'r:. AV; ;■  v. 
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I'.mV       The    tl.lll-ti'lll1rl>    .III'    III     ihlir    5' M  i-/>V.A.    ^it-.    cull    mT  liMl'-ist- 

inj;  (if  twu  ^iiiLili-plia^c  tran-tornui--  .u r.iiii^til  un  the  >(..tt  .'V>tiiii  (stf 
jia;;f  ((^'i  .  ir,,ivin)<  three-phase  current  at  jo.onu  \nlt-<  .iiui  transform- 
ing It  til  two-phuM'  current  at  j.tMK)  volts.  Kacli  transformer  stands 
about  7  feet  liigh,  weighx  afnnit  ;  tons,  and.  it  will  he  noted,  is  mounted 
on  a  truck  so  that  it  cm  \»-  k  .hIiIv  mnvtil. 

The  lo.ooo-volt  switchlioani  at  the  sul)-^tatiou  ir.  shown  in  l  ip.  1,206. 
It  is  of  the  RevToUe  ironclad  type,  and  consists  of  two  incoming  feeder 
panels  and  three  transformer  psmels.    The  farthest  switch  is  racked  out. 


Pig.  i,9«5.— Bkidi  of  Watu^aasi  Tnuutman  in  .i  London  Ughlte^  and  Power  Sub-iUiiiia. 


.in<l  in  friiiit  it  tln'  carriaf,".'  un  wh;,  h  tin  ulii.ir  .if  tin-  liil  >\Mti  h,  with 
the  oil  tank,  can  be  removed.  Tlie  transmisMoii  lines  Irom  the  generating 
station,  six  an<l  a  half  miles  distant  arc  in  duplicate,  and  consist  of  three- 
I'li.i-i',  thicf-ciire  Irail-i  (i\-ere'.l  lal-!.--  Uiid  un.,!(i..'niuiui.  The  Inil'.'r  p.i."i., 
to  which  these  tr.in--!ni^^iiiii  luie-^  are  hrought  are  pi<i\i(ie(l  with  leveivi- 
jjower  reia\Ts  Jiperated  liy  i>oti  r.tial  transformers  in  tlie  oil  tanks.  Tlte 
tr.His(()nneis  are  switt  lied  on  ami  oif  in  -ets  as  t!ie  lo.ul  rises    i  i 

A  ;,(>i)()-vi)h  I'errami  switchhoanl  i>  slmwii  in  I'lt;.  i,^  ■  )i  i;,  A 
the  iiiiiulaii  typ(\  and  consists  of  tlirc  lw>>-]ilia-e  translor.nei  i.Miels  i'' 
the  centre,  flanked  by  seven  single-phase  feeder  panels.  Tli  ■  a.-tiars 
in  sepanOe  longitudinal  cubicles  for  each  phase  run  along  the  iij'    ■  the 


St  A  TIC  Tk.  \  ysf,  ^k.vek  Svs-  ta  ti,  >.v.v 


ii>i 


1)1), ml,  and  can  bo  sii'ii  in  tin-  tv\'>  < '>miMitm<iit^  U<<\\\  the  cumi, 

lia\i'  bofii  removed.  The  switihr-.  aro  dirfctly  oi^Tatfl  l>v  tin'  lianilli-s 
limjoctinff  to  the  fn  nt  of  the  Nianl ;  thev  arc  nf  thi-  oil  Im-ak  tyi>c  witli 
til''  u-u.d  ii\i  r-li',iii  ii  liM^r  .iml  tinu  -iinm  .itt.i'  liinrni- 

The  ni'c»'s>ity  U'V  the  st  p.iiatf  ii  ll  stmi  tiiii'  wlit  irM  i  d.iULii  iniis 
voltages  are  bfinp  used  has  been  dealt  with  in  (■•n^idcrini;  tli<'  switch 
gear  of  fji-neratint;  stations  (stv  page  557  .  .ind  tin-  ■«ain<'  rtMsnn^  hold  in 
connection  witii  sub-station  work.  Fig.  i,J<>>S  slu)w^  a  -t  i  tion  »if  a  Penn- 
sylvania sub-station,  in  which  the  busbars,  series  transfornurs,  fuses,  and 


m 


1; 


most  of  tho  disconnecting  ■-witi  in  -  are  inouutcd  in  -cpaLiti'  co!ni>.iit- 
ments.  The  roof  trn«cs  are  even  built  through  the  dividiiiL'  wall  nl  the 
i  fll  stiuctuir,  '-o  tliat  t  idnniiU'  nt  c  m.i\-  In'  att.ii'inl  (  i.ihh  ■  ti"ii-- 
to  Sid  from  llif  oil  switclu>  air  iiiadt-  111  ( .miluir-in-ul.itrd  win-  laul  111 
fibre  conduits  mounted  in  the  concrete  wall.  The  imoiniii:;  10,000  \  nli 
til!"  -nii.i-^  lini--  ,irc  aiii.il,  anil  the  --t.itinii  !-  pKiti  1  ltd  w!';  tlii-  \i-u.d 
lioi..-i;ap  ahiinininni    11  11    liyhinini;    .iin-tci-  (lr-iiil>i(l    in  iIm- 

n.'Xt  cha,iter.  The  li\>'  Inn-  i;u  through  choking  cuil>  and  piMj,,! 
i  lit  r  ti'b-  direct  to  the  oil  switches,  whence  tlu  v  continue  tliiuunii 
0  -connc  mg  links  and  selector  switches   to  oiu    ot   other  the 
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double  busbar-.  Tlii>  duulili'  Ihi-Imi  air.iiif,'i  iiu  iit  iii  ( (»ary  where 
different  cumbinatiuns  >>f  luKh- voltage  linen  are  (li>iral>le.  Frum  the 
busbars  the  current  is  taken  to  the  primaries  t.f  the  transformers,  and  it 

sImiuM    lie   noted    th.lt    <ll>i  I 'Hill  .  lillL:   -Ulti  he^   .lie   ili-t.llled   .<n    Ixith  thf 

hi(4li-vtiltaf;«'  and  the  low-volt.if^e  sides  ot  the  transturmer>,  m>  that  a 
single  transformer  can  be  disronnecttnl  withf>ut  interfering  with  the  >er- 

\  ii'e.   Tht'  liiw-voli- 

.lU'e     (.'.Jdii  Vdh- 
.lie  .d--i> 

duiibltti  ;  the  I'll 
»  w i  t  c hi  s  an 
miiunted  (ivcrheail, 
l)Ut  aif  (hreetly 
worked  by  lexers 
Mid  ti.i.  ki  r-  Iniin 

till       ii.\V-\  olt.ll,'e 

iti  lilii  i.iril,  which 
1-  direetly  in  fmut 
I'l  the  hinh-voltaye 
!M.,ird. 

riiis  >eitiiiii 
would  not  \m'  enm- 

plete  wit  hi  lilt  MMlle 
lilileiue     to  the 

otit(h)f>r  stati«ins 

wliiih  have  been 
i  iritiil  within  till 

I.lllye   1. 1    till  \i.h- 

.iLies  witli  winch  We 
.1 1 e  ,it  present  de;i!- 
iiiL! .  .mil  < { u i  I  < 
.ipart  Irmii  dii' 
chief  reasons  which 
h.i\  e  mull n  1  niit- 
dniir  eniistrin'tioii 
.limn-t  iin))!  r.iMv  with  the  hisher  transmission  voUafjes  ri-ffrred  to  in 
the  last  chapter. 

A  tvpiial  station  of  this  kind  is  shown  in  rig.  i. .:*)')■  It  is  erected  in 
tile  opi  n  tu  tap  a  lo.oiM)  to  JO, ODD  tr.insmissinn  lini-  In;  the  piii]>iv,t>  ,if 
stiji;  yinn  .i  -mall  hamlet  or  a  power  consumer  whose  requirements  would 
not  justify  the  erection  and  maintenance  of  a  btiildinp.    The  three  single- 

])lKl-e    t!,!!!-fiiiniel-    .III-  iTiltiil    i  11  a   ti'WlT  inll-tnii  til  111  -liMi-  teet  .ihliVC 

the  ;nruuiid  ,   and  alinve  them  ,ire  pole-tup  switchi-,  luses,  choking  coils, 


;,ck«  viilt  IronrlaU  Switchboard  h  Cat  ford  Trwialuniitr 
Sttb-italien. 


/.\Pi"  /<  ///I.//..  t'/./.ii.A  Sl'/'.-<i  I /...». 


rtc    Ni>  rvi;"''''"'''       ^-wit'  lio        i!i-t.ill"  <l  "ii  t!;<   t  w  >■  ■  iiMiits 

•f  th<-  transtornuT  ;  Wut  it  rn;\ilati>rs  are  luci  wiy  .ui  "UtiUvi  tyj* 

h.  i-  1"-.  n  ili  viM  tl  .in<l  iMii  Im  i\'i  t\. 

1  111'        .inl.i-i -■  •  I  ~n.  li   i:i  .  III.!  .  !  in-t  ill.ili.  n  .11.   tin-       iii:^  >  I  I  lir 

i.  .*t  .'I  a  l)UililiiiK  aii.l  tin  I'.w.  i  i.-t  .1  th.'  .  Ii.il;.  ai-iMiatu*.  t 'ti 
t'lf  otiar  han<l,  llu-  .ijiparatu-  iim»t  1m'  tiiailf  wiailni  |i|im.|,  aii<l  tin- 
.j  iality  «'l  thf  hii,'h-vfiltas«'  app.iraiu-  i>  ttot       i;'-..!  ii..r  thf  .unMnn- 


1 


ticii  »u  -all-,  llir  i.iti-  nl  ilipiM  i.iti.  ii  nm-t  .i\-<  W  f.;ii.it<T.  ami  tlif  (acili- 
tits  lor  insiHitinii  an,!  ivpair-  I.  --.  Finally,  thtrc  is  nvrt-  liability  for 
accidents  caused  by  intnidtrs  and  trespassirs. 

I.  i\.y-   iin.ii       I        -ri:--i  mion- 
Wluii  \\c  l>a>s  Iruiu  llif  ni<..ltiatc  vullaK<>  wlii'li  ai.-  tin  iimht-t  u-  1 
in  the  -static  transformer  stations  described  in  the  la*t  -ectiim  to  tin-  hi^h 

Wilt.i^.  -  ul  ;,o,i)(i.i  to  iSd.i.i-i  \.>!t-  ■■!  !)>.■!■■  n-  il  m  -  in.'  !n...l.  iit  irans- 
ini?Mon  syMeni>  l^a  ClMi't.r  Xl.',  u>-  luul  tli.il  tli.    -ati-Mii^;  -I  the 
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electrical  and  other  conditions  for  sub-station  working  has  i>r<)foun(Uy  modi- 
^  fied  fhowlioledfsisnof  the  installation.  This  i<  the  niuw  to  1„.  wondered 
at  when  it  is  noted  tliat  we  are  eoncerned  only  witli  static  transformers  and 
the  necessary  appliances  for  switchinR  and  protection,  and  that  the  mo\-inR 
machinery  of  kinetic  transformers  has  not  to  he  ronsi.l.rt  d.  a<  such 
machinery  only  utilises  v.^hajres  of  the  maRnitudf  already  dealt  with. 
One  diHicuIt\-  in  trcatiufj;  this  pnrt  of  the  subject  arises  from  the  rapid 

development  of  recent  v.  ir-    a  development  which  is  still  in  prouT,  

thouiih  a  uood  deal  of  >t.ind- 
ardi-iation  of  details  has 
already  taken  place.  There 
are  many  surh  hiRh-voltage 
stations  now  in  existence,  and, 
thougli  if  would  hi-  inip  p-iible 
U)  deseribe  all  the  \arieties, 
the  stations  selected  may  h,-  re- 
fiarded  as  fairly  t\  i)ical.  'i'hev 
divide  into  two  main  i  la--e~ 
according  as  they  are  housed 
in  specially  erected  buildings, 
like  other  t\pe-  i.f  -uh-l.ition,-, 
(indoor  station^,  or  are  erectc  i 
in  the  open  without  anysjx^cial 
protection  from  the  »veather 
(outdoor  stations!. 

Indoor  Sub-stations.  A 
typical  New  England  sub- 
station for  handling  ])ower 
supi)lied  at  .;.;.ooo  volts  is 
shown  ill  section  in  Fig.  i,j-o.* 
It  is  at  Lee,  in  -Massachusetts, 
and  is  on  the  Herk^hin-  Stn>et 
Railway  system,  the  generating 
station-  ot  wliirii  are  at  Pitt-fu  ld  and  Xylonite,  fiftet'ii  and  thirt  x  -three  miles 
distant  resi)ecti\  ely.  Two  3j,ooo-volt  supply  lines  enter  the  sub-station,  the 
lines  leaving  the  station  being :  (i.)  two  33,000-voIt  lines  and  one  13,000- 
volt  line  for  suh-station>  farther  down  the  system  :  ,ind  (ii.)  the  continuous- 
current  line  tor  the  local  street  railway  service.  Tlie  building,  which 
measures  ()f  I, ,  t  1)\  Sr  i^  t  in  plan,  is  a  one-storey  building,  so  designed 
as  to  avoid  any  doubling  back  of  circuits,  the  ad\  ance  of  the  eiierg\  throuizli 
the  building  being  continuous.  It  is  divided  into  three  Invproot  sections; 
The  first  one,  on  the  right  of  Fig.  1,270,  is  27.5  feet  wide,  receives  the 

This  and  the  two  following  figurts  are  from  the  Blcrfi-ic  h'ailtvjy  /ourH.il,  of  Ne«  York. 
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inconiini;  (iirniit,  anil  cuntains  tlie  l)ii>l>.ii-  hi:;li-\i'lt.iL;i 
only.  Eaiii  transmi-'>ion  line  A  is  terniinatrd  lo  leet  above 
level  with  the  usual  horn  and  aluminium-cell  li'^htnint;  arroti  r- 
distance   from    its  — 

teiininatidn  the  line  ;•  :   •.  g;. 

ii        [    -  r\ 


s\\  iti  In--- 
the  riiiit 
A  little 


is  tapped  hy  tin- 
inconiini:  lead  i/. 
whieh  i^  led  throu.uli 
a  special  reintorcetl 
concrete  root  en- 
tran(  e,  conical  in 
shape.  The  top  of 
the  ( line  i-  i>rii\  id.  d 
with  a  tive-part 
porcelain  insulator 
through  whii  li  the 
line  passes  to  insu- 
late<l  terminals,  between  which  is  an  air-<  ure  chi>kini,'  i  Mil  to  i  lie(  k  >iiri;i  ~; 
The  appearance  of  the  entering  lines,  as  seen  from  below,  coming  throuKh 
the  entrance  cones,  is  shown  in  Fig.  1,271,  which  is  reimnluced  from  a 
phi'tiii,'raph.  Tmiu  the  diokini,'  c<iil  i  :e  h  line  i-  t.ikm  tliiimi:!!  a 
(IIm  (iiinecting  switch  (/  and  a  current  translmnier  to  the  incomin},' 
switches  b,  ami  then  direct  to  the  common  33.o<«woIt  busbars,  which 


nfrflE::':,.:^!.-::.-^ 


New  KnKland  3^.u<>j-v 


It  Indoor  Sub-^tali.-ri.  I 


I  I.;.  I  I"- i.!ui-e  ■%  I:  I.e.,.'-  F  Su'  -(.ili-n  as  -  '     fr  .m  bri.  w 


are  suspended  from  the  ceilini,'  of  tiie  niuni,  about  IJ  feet  above  the 
oil  switches.  The  supports  and  bars  are  shown  diaRrammaticully  in 
Fig.  1,270,  but  a  better  idea  of  this  room,  which  is  the  most  interesting 
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part  of  the  sub-stati"n.  ran  ho  olitiiiiutl  tnun  V'v^.  i.^-2.  in  wiiiili  the 
in(  ominu  ''il  '  '"i  he  -t  en  nn  niie  side  ul  tlie  rnnm  .md  the 

outgoing  ones  on  tin'  other,  whilst  overliead  are  the  insulated  busbars. 

Tho  oil  switches  are  of  the  general  high-voltatji'  t\  i)e  described  at  page 
IJ4S,  i)ut  arc  sdlendid-iipfrated  with  it  iniitr-i  i  .ntrul  :  lictwcrn  thi  iii  and  tlie 
l)u>l)ar  diseonneetiirs  are  interjxihited.  lliese  ran  lie  seen  clearly  above 
the  switches  in  FIr.  1,372.    They  are  mounted  on  pin-type  insulators, 

tixed  hori/iintallv  to  steel  rliatinel 
iron,  supi".rted  imi  vertical  >tancl- 
,irds  of  iron  i)ipin^'.  The  hii-bars 
supply  .53, 000- volt  current  through 
the  oiitiioinp;  oil  switches  n  (Fig. 
i.2-yt)  to  (i.)  tlie  two  ciiitui'in- 
jj.oou-volt  lines,  which,  alter 
passing  through  choking  coils,  are 
Inl  out  thronyli  till  next  room  to 
the  roof,  where  tlie  arraiiL;eincnts 
are  similar  to  those  on  the  in- 
coming side ;  (ii.)  the  33,000- 
i;,,(ioo.volt  transformers,  whose 
■  v'oiidarv  I  ircuits  aic  nut  >lio\vii 
in  Fig.  1,270,  but  from  which  the 
I3,ooo-v<  lt  circuit  is  led  directly 
(Hit  of  the  -tatiun  fnr  further 
transmission  ;  and  (iii.)  tlie  .J.i.cioo- 
370-volt  transformers  for  the  local 
continuous-current  supply  through 
the  rotary  converters.  All  these 
(lilt:;! )ing  leads  pass  through  current 
transformers,  as  well  as  the  dis- 
connectors, and  then  through  the 
1.2-inch  tiriiird'  l  brick  wall,  in 
pas>ing  thr(iii,L;li  wliich  they  are 
F.u.  I, i;j.-33,™.  volt  Oil  Switches  an.!  Busbars  in    insulatcd   witli    the  Ohio  Fira--^ 

Company's  insulating  bushings.  In 
general  a  spacing  ul  3  fert  is  maintained  between  adjacent  high-voltage 
conductors  throughout  the  station. 

For  the  13,000-volt  line.  No.  (ii.)  above,  the  transformers  are  in  two 
banks,  each  of  lio-kilowatts  capacity.  For  the  rotar\-  converters  the 
,',7"-volt  c.ibles  are  nm  from  the  tian-ii'Vi-r  Mdndarie-  tlirnui:h  tl"w 
ducts  to  the  smarting  panels,  and  thence  to  the  rotaries,  the  continuous- 
current  side  of  which  offers  no  point  of  interest  not  elsewhere  dealt  with. 
One  of  the  new  solutions  of  olu  problems  which  have  to  be  re- 


HicihioLTACE  Lf.adisu-i.\  Issv i.A i\'RS  \^^^ 

<<iii>iilonil  birause  of  tlic  im  rt.isf  in  tlif  voltai;i'  i<  -liuwn  in  1-it;.  i.-"... 
wliiili  illustratt  s  tin-  nictluMi  .Kloi.tcil  liv  tin    i;,iM(  in  Mi.  I'ou.  r 

Company  for  bringing  the  liigh-vultago  >ui)i)ly  into  llu-  mtiiuir  nt  a  -ub- 
station.    The  figure  shows  the  *i<le  <>f  the  Zilwaukee  sub-station  with 


fii.  i,»73.   Two  Thne  phMe  Lisas  u  140.000  V.)li»  eiiiering  XUwaukM  Sab-rtUion. 


the  entering  I4<),0()()-V(>lt  kads,  of  whith  tluio  an'  tin-  tlinr-]>lia-t' 
transmission  bting  duplicated.  In  tlie  first  place  the  dead  ends  of  the 
i\  linos  have  to  be  attached  to  the  strings  of  insulators  shown  and 
ciiawn  taut.  Phf-e  -trinj.;-,  ovir  5  f(<t  hmt,',  (oii-i-t  i.f  ten  lo-indi  in- 
siUators  d.-nilxd  t  Kt  wht  re  (mv  page  l''roni  tlie  ends  ot  the  line 

conductor  juiiii>(  IS  ot  -jH  rial  constniction  carry  on  the  conducting  circuits 
to  tlie  -pn  iallv  ilt  ~iu;iud  in-tiiatrd  plui;-.  whicli  cairy  the  ( oiulucting 
circuit  thnnigh  the  wall.     ( ol   th.  >i'  .  iitrainc  iii-idators  is  >hown 


Fi^.  1,274. — ^mr.in'.c  ln^ula^^^'  -it  llie  /iIu.tuLtrc  SuI)-^I.iti>iti. 


se]iaratelv  in  I'ii;.  1,274  fri"U  tip  to  tii)  it  jnea>uies  10  leet  (>  inihes,  tjf 
which  t)  tilt,  the  end  with  the  coarser  corrugations,  is  outside  the 
building,  and  is  directed  <lownwards.  The  inlets  to  the  hiuMniL;  are 
entirely  closed  and  weather-proof,  and  the  insulators  are  <  arried  by  an 
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iron-ring  casting  fixed  in  framing  whicii  is  at  an  angle  of  45  degree; ,  and 
of  which  the  middle  panel,  made  of  sheet  metal,  is  removable,  so  that 
insulators  may  be  changed  easily  if  desired.  The  outer  ends  of  the  li\f 
wires  arc  protected  from  roof  drippings  bv  a  shelter  projecting  about 
3  feet.  The  pressboard  leakage  rings,  some  eighteen  in  number,  on  the 
inner  end  of  the  insulator,  and  the  coarser  comigatii  is  on  the  outer  end, 
are  designed  to  increase  the  length  of  the  leakage  path  to  earth,  which 
may  be  taken  to  l)e  u,"  central  clumping  ring.  Aluminium-cell  light- 
ning arresters,  not  shown  in  Fig.  1,273,  are  tapped  on  to  the  live  wires 
just  outside  the  entrance  jumpers. 

The  interior  of  the  station  is  shown  in  Fig.  1,275,  which,  on  the  left- 
hand  side,  will  be 
seen  the  inner 
ends  of  the  en- 
trance insulators 
just  described. 
From  these  insu- 
lators the  lines 
are  Icil  through 
s  i  n  g  1  I'  -  p  o  1  (• 

I40.(K)()-V0lt  oil 

switches  on  the 
left  to  the  bus- 

l),ir--,  whii  Ii  arc 
made  of  ij-in. 
iron  pipe  sus- 
|)  f  n  (1  (•  (1 .  as 

>hci\Ml,     1>\-  (ll>C 

insulator-  from 
theceilnig.  These 
and  are  more  fuUv 


F'*'  ".s?;. -^'I^aukri-  Suh->tatin'  hr.n<iUn);  Power  at  140,000  Vul!?>. 


])anels 


oil   switches  are  hand  operated  from  le\-er 
tle~("ribc(l  (■l--fwhcl"e  ( pagi'  i.'^S). 

From  the  overi. ?ad  busbars  the  current  is  led  to  the  3,000  ki'ovolt-ampere 
static  transformers  seen  in  the  middle  of  Fig.  1,275.  These  huge  transformers, 
which  cover  a  floor  space  of  11  feet  by  5  feet  an.I  stand  14  feet  0  nrht  s 
high  to  the  top  of  the  casing,  are  described  elMwhere  (i>tv  page  In 
this  station  the  i.}o,((oo-volt  primaries  arc  mesh-connected,  and  the 
secondaries  consist  of  (i.)  a  22,ooo-volt  coil  with  an  ii.ooo-volt  tapping, 
and  (ii.)  two  370-volt  coils,  each  with  a  full-load  output  of  1^5  kilowatts 
to  >uppl\  tlie  Mitary  loiiverter  seen  in  tlie  front  of  l  ig.  1.J75.  This  is  a 
300-kilowatt  5'  -volt  machine,  and  its  size  forms  a  striking  contrast  to 
the  size  of  the  tr  insformers  immediately  behind  it.  The  22,000-  and  11 ,000. 
volt  lines  leave  the  station  on  the  side  opposite  to  that  at  which  the  140.000- 
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volt  liius  t'litu,  and  Mijiply  powx-r  to  utlKT  Mib-stations  lartlur  down  tin- 
system.  The  panel  s%vitchboar<I  for  the  rotan-  converter  may  be  noted 
on  the  rifiht-liand  sick-. 

As  aiiither  exampU-  of  a  higli-snltagi-  indudr  su!i-^tation.  I'lj;.  i,J7<i. 
taki  ii  from  a  pap<  r  read  l)y  Mr.  Dickenson  before  tlie  Institution  ot  Kl.r- 
trical  Kngincers  in  1915,  gives  a  cross-sectional  elevation  of  the  Moni- 
bay  receiving  sub-station  of  the  Tata  Hydro-F.lectrir  Power  SiippK 
('c'in]),mv,  I.iniitcd.  fdr  tin-  i-tipplv  df  cIim  trir  power  to  that  t  ity 
from  a  powir  house  on  tin-  wt>tirn  gliats,  torty-tlin e  miles  away. 
The  transmission  voltage  is  H)o,(hh)  volts  at  fifty  periods,  and  the 
receiving  sub-station  is  dcsit;n<(l  to  liandle  ultiniat(i\-  marlv  75,000 
kilovolt-amperes  in  eiglit  tluee-pliasu  >tep-dowii  tran-lornur  lianks  of 
9.360  kilovolt-amperes  each,  there  being  four  ineomiui;  tlin  .  -phn>e  lines. 

.\n  external  view  of 
the  first  part  of  the 
>uli— tat  ii  111  iTi'i  ti'<l  is 
f;ivi'n  in  l  i.i;.  i  J77, 
which  also  shows  the 
terminal  pole  for  two 
of  the  tlirct  -pha^e  in- 
coming lines.  The 
ioo.<x>o-volt  lines  at- 
tached to  andior  lines 
of  iii-iilati  ii  niter 
the  l)uildin;,'  under  a 
hooded  inlet  .\  as  shown 
on  tlie  riuht  ot  l-'i;,'. 
1.276.  Jielore  p,i?-iii,-  into  the  J;mii-\ Mlt.ii;e  >\\ itt  ii-rooni  s  a  tap  is 
taki  11  olt  tlirouL;ii  a  diseonnci-fing  -uii'  h  1/  to  the  Iiorn-^'ap  arre-!er, 
on  the  earth  side  of  wliich  is  interposed  an  aluminium  cell  arrester.  The 
line  then  passes  through  choking  coils  into  room  s.  wliii  h  contains  the 
lii,^ii-voIta;4e  single-pole  solenoid-ojH'rated  oil  <\\it(lie>,  the  disconnecting 
switches,  and  the  high-voltage  busbars.  Each  three-phase  group  has 
current  transformers  on  each  phase  and  inverse  time-limit  series  relays  on 
two  p!i,i-e~.  with  ili^coiinet  tiiii,'  >witiii,'<  between  the  inconiin:;  line  and 
the  oil  >witc  li  and  i)etween  the  oil  switch  and  the  ioo.ooi)-volt  busbars. 
The  ^'i  neral  appearance  of  such  a  room  can  be  inferred  from  Fig.  1,278, 
which  shows  the  corresponding  room  at  the  generator  end  of  the  tran— 
mission  line,  in  which  also  the  100,000-volt  busiiars  are  suspended  from 
the  roof. 

i-rom  the  busbar  three-phase  leads  are  taken  to  the  primary  terminals 
of  the  step-down  transformers.  Each  bank  of  transformers  consists  of 
three  single-phase    General  Electric   oil-immersed  water-cooled  static 


100,000-C.'/  .    SiriTCII  CMLtKV  MM 

tr.iii-lcniu  I  -  \.  \\\  lii'tli  |ii  iiii.ii !■  -  .in.l  ~i  i  •'ii.l.iiic^  iiu  -li-<  "niH  ' tnl. 
»ini;li-i>li,i-i-  ti.iii-i"iiiu-r  i»  r.iti'il  .it  kilnv ult-.iiiUHTi'',  ami  -t.p^ 

down  tilt'  viilta>{i'  ixi<n\  .S.s.Sou  to  ti,»)oo  volt--.  Tlu'  >»nmtl.irii's.  aw  >lio«!i 
on  thf  Ifft-liand  side  nf  Fiu.  1.-7''.  .ii<'  l  omu  rti  tl  to  thr  ''.fN'o-volt  lni-l>.ii- 
tlirouyli  tripti'-polr  .lutoni.itu  niot'M -..jiri.ii.  ■!  -\\itiiu  ~  ami  -iiii;!'  \"'\-- 
ili>coiuu'i.tinf;  >\vitclit  >.  Tlu'  tt.iii^loiniri-.  wliu  li  .iic  -inul.n  to  tlio^, 
(U"^(TilH'd  flsfwIuTf  (m'i-  iniyc  f)j<)),  can  t.iki-  a  jo  jn-r  cent.  oN'crlo.id  for  ti'it 
hoiii-  without  iiijuii.  ii-  iic.itir.i.'.  jn o\iili  ,l  r.jso  -.ill. .11-  |).  v  !i..iu  ot  i  o,.|ii!u 
w.iti  1  1-  (  III  iiLiti-d.  Thr  ai  i.mi;<  nil  lit-  tor  tin  w.tti  i  -\ii>]'K  to  tin  ti.iu-- 
fiii"jui  i>  arc  Very  coniiil'  tc 

From  thf  O.Ooo-vnlt  l.ii>h.irs,  wiiii  h  .ur  -liown  in  the  nii.Mlc  ol  looin  1. 
(Fi,i;.i,J7f))tlii"-nl'- 
>t.ition  .iriMiii^i - 
nii'nts  lollow.  with 
some  minor  varia- 
tion- ol  lli  t.ltl,  thr 

>taiul.ird  pi.h  til  l- 
dfscribcd  t-lsf- 
wlu-i  i . 

Outdoor  Sub- 

StatlcnS.  Diirini; 
till'  lawt  tfW  yiai> 
tlurc     lias  bt't-n 

r.qiiilK'  (l(-\'i-lo|)i-il, 
jiioii  i--i)i-<'i,ill\-  ill 
thi-  Tniti-d  Siati- 
and  Canada,  a 
t\]>i-  of  hif,'h-vi)lt- 
a;,'!'  >nl>->tation  in 
which  practically 

the  whole  oi  the  ap])aratns  i-  in  tin-  1  pen  air  witln  tit  aii\  pr.  tn  tivi- 
liuildinu.  Tlu  iii.iiii  KM-oii  ti  l  thi-  ilo\ ,  lopnu  lit  lia-  in.iloulitnlK  l>.-,  n 
.1  doirc  to  rcdui\-  tlu-  capital  (luii>;i->  liy  >.i\iiii.;  tin-  i  ■ -t  o;  iln  1. inl- 
and expensive  buildinf,'s  which  would  b<  miuiHil  to  Imn-e  the 
tiau-forinini;,  -witching,  and  protective  uxar  which,  a-  will  hi  .ipi)arent 
from  tlu-  ton^oinL;  ilhi-tiatioii-.  i-  iniu  h  inorr  ciunlinni-  for  >U(  h  liiijh 
Volt.iut-  th.m  toi  till-  iiioic  u-iud  \dlt.ii;c-  rcicln.l  111  tlu-  louiitiv. 

The  chaiifii-  lia>  iiitioductd  jiuiiiy  intt-ri-tin^;  niw  prol>lini>  about 
which  much  nii!,dit  be  written.  Init  ii  vill  be  sufhcient  for  our  pn-i  iit  pur- 
]">>e  it  We  brieth  indii  .iti-  tlu-  .tdv  .mt.ii.:' -  .uid  ili-,id\ .int.iL;i  -  liinn d  .iiid 
admitted  i>y  the  i  ii,t;iiieer-  re-poii-ililr  li-i  di -i^iiini;  .md  woiknm  thi  -i 
station*.    They  have  been  summed  up  as  follows  * 

*  UUiiruiun .  \\A.  i-XXiil.,  p.-.ge  icd;,  zr.d.  Oitob  r.  i m. 


Fig.  i,»78.— 100,000-voIt  Switch  Gallery  with  l'u-*l»ar*  .-u.ii  Di-^ccnnectinu  l.n  e.. 
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A  dvanlages  Disadvantages 
I.nwcr  fir^t  cwt.  Kt  ]),iir>. 

i:.t>f  tit  txtinsinns.  OjuratiiiK  risks. 

K.'ductiun  of  fire  risk.  Danger  to  the  public. 

Simplic  ity  nf  l.ix-dut.  AiijM'araiKC 
M  Jcmr  rcidt  r^  will  ki .  p  tlit>f  points  in  juind  in  rtadinw  thf  following 
<1.    liptions  tlu  v  will  hv  ahlt-,  without  further  exposition,  to  appreciate 
the  chief  factors  of  the  problems  presented. 

In  the  desifin  of  these  outdoor  sul)-- t,itioii>.  hy  kt  t  pin.:.^  in  vii  w  i  few 


Fig.  i,j7g.— Siipportins  Steel-woik  and  Bur,Ur»  o{  a  High-volugir  Sub-.>iatioD. 


general  princiole*.  an  amount  of  standardisation  has  been  rapidly  attained 

wliiih  Ins  in.itrriallv  :iiu!  i.<oii,miirai]y  al'tertii!  tlie  caintal  and  niainten- 
anio  outlav  l  iio  i,'t  iuTal  i)rin<  ii>les  involved  may  be  brietly  >unimarisc(l  as 
follows:  In  ilic  tirst  })la(e  the  utilisation,  in  all  details  of  the  hiRh-voltage 
overhead  work,  of  tlie  same  insulators,  fittings,  condiu  tors,  etc..  as  li.ive 
been  used  in  the  transmission  line.  Secondly,  to  extend  this  princijjle 
to  the  steel  erection-^,  which  in  weight,  fa(  tor  of  <att  tv  and  method  of 
erection  are  similar  to  the  corresponding  towers,  (S:c.,  used  m  the  transmission 
lines.  Thirdly,  to  design  the  steel  erectiims  and  equipment  in  units,  so 
that  different  combinations  of  these  units  shall  proN-ide  for  different  local 
■circumstance.-;,  and  also  fur  e.xteiisioua      tlie  load  increases.   As  a  detail. 


in  rqipKin;;  tlif-f  prim  ii'li-  ili  tinit<'  In  i.i,!-.  m,-  -.1  ,  t(  !  liT  Ihf  iii^h.  .m,! 
l..\\.\Mlt;iL;o  1ih-1mi-  .iml  tlif  -up]"  a  I  iii^  -tin.  iur-_'>  .iit-  .li-iyiii-d  tm  tlir,f 
Jn.'i(ilit-'.  UiirtV'  Itit  has  In'tn  adiijitid  ni  a  l.iir  iniinlMT  of  « .i-.-i  .i-.  .1  i,<v- 
vt-nit-nt   stantl.irti  luMKht 


.i3o.~Ttau>forni*-r-»  anil  Lightning  Arie 
Outdoor  hub->Litiun. 


\nr  the  liii:li-\olt.iuc  Im-- 
!mi».  .niil  i.S  lilt  .1--  till' 
liciKlit  for  the  lov -vi'Ita^i 
Inisl-  irs. 

Hiiw   tlii'^i'  priui  ij'l'  - 

1  111     1h'     .Ipl'lir.!  i~ 

ti.itiil  111  l  iii.  I. -79.  \slll'  I' 
i>a  vicwof  :i  -iiib— tatinn  lit 
the  Alah.iiii  1  r  (  i.m- 

jiaiiy  \vh(  I  ;>  ittK  . n  .  ti d. 
Till'  liunii  -hi'W  ■  till'  "iip- 
purtiny  >lfi  l  wm k,  w  itli  the 
liiuh-v iiltai^'i'  'iti>l)ar>,  >ix 
111  iiuiiil)cr.  ill  [iii-itiiiii.  .uiil  >iip|i'ii  tr.l  li\  tlir  liicli-li  \  .1  !...\  -H  'l.  i'  uuiil.  -  . 
the  iii-.iiiati)rs  u-^l-  I  aro  ot  th'j  oriliiiary  >triii^'  type'  ii^oil  uii  tlii'  tr.iii-.iiii>-<iMii 
hne.  The  view  wa*  taken  before  the  installation  of  the  oil  swit'  hi-i.  liyhtnint; 
,iiTotcrs,  ti  .in^toriiKi^.  .iiul  <itlicr  cIim  ;rii  .il  i  .iiiipi-u  nt .  Hi-'  hiiiicliiii;  mi 
tlir  ri;^iit  tin-  |ii\\-\i'ltat;(.'  part  of  tlif  .-iili-^t.it i< m  lur  i|i  ilmu  with  the 
turtlier  I  (iii\n~ii  'ii  .m  l  ilistribution  of  the  jiower  after  thi'  ontilour  station 

lias  stepped  ilowi:  the  voltage  from  IIo.o<m>  i    jj.   volt». 

The  '  >asons  why  such  hijih  erections  are  iiei  e^-;^ry,  mn!  tin-  appi  ir- 

,.  ■ 

'f  *Sv  Ml  the  t  il  l  IM- 

^  I  al  plant  win  11 

I  II-'  tfil.  ,Uf 

-liiiwii  ill  l-i,;. 
I  ..'So.    wliii  h 

1-   .1    vii-W  lit  ,) 

iMiik  mI  tr.iii-- 
!m1  lU'  l  -  Mil  !  I,.- 

I  I li  t  ■  li  .1  n  .  1 
-  li-     aiiil  a 

yiMllpM'  lullt- 

iiin^  .iiic-ti-i .-. 
on    till'  Ifft. 

I  1    M|,-  U-l,. 

-upport>  lor  tlK'  traii>loriiu  r-'  an  !  tiu-ir  liiL;ii-  aiiil  iMW-M'lt.i^r  ii  riiiiiials 
are  clearly  seen,  ami  above  are  tin-  horn-y.tp  lii^htiiiin;  anvst>  r».  Tlie 
view  is  of  a  part  of  the  Millbury  sub-station  ot  the  I  uiiuf  .itut  kiver 
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Transini«>iion  Company,  about  six  mik-s  from  \\  on  ist»r,  Mass.  The 
tran>nii»-.i,,n  volt.i|.v  is  110,000.  A  view  of  another  part  of  the  s.ime 
station,  as  it  apjH-ared  after  a  blizzani,  is  given  m  Fig.  i,.'8i.  In  this 
view  the  single-poie  oil  switches,  three  in  earh  group,  ajipear  in  the 
michllr  ,m<l  on  the  riu-lit  of  tlic  pi.  turc,  and  tU<-  tr.in>fonntTs  on  tin- 
left.  It  is  of  intm-.t  t..  note  tli.it  .ill  tin-  >now  has  been  nultid  otl 
the  transformers  by  the  w.istt  lu  it  which  thev  pnHluce,  whilst  the 
switches,  in  which  no  such  heat  should  W-  pnwinced.  are  tlii(  kly  rov.  r(  d 
with  snow.    The  appearance  of  these  switdu-s  under  >.u<  li  severe  cirmni- 

st.init-  i-  ^-till  better  seen  in 
Fig.  1.26J.  In  this  view  there 
ran  als<»  be  seen  the  choking 
( oil-^.  wliicli  are  interpo-rd  be- 
tweiii  tlic  lim  .md  tlie  switdi 

'BL^^^B^VViiII^^^CmIUhB^H    large  outdoor  <i]t.i.L.'e  sub> 

>tation  i-i  ^huwn  in  l  ij,'.  i.28{, 
which  is  a  plan  of  the  Atlanta 
snb-::tatinn  of  the  (leorgia 
Kailvay  and  INiwt  i-  (  i.nip.uiN  . 
whose  generating  station  i>  at 
Tallulah  I* alls,  (leorgia,  ninety 
_  miles  from  .\tlanta.    The  tnins- 

^^^g^  \^  ^!^^!^^^B^^^^^  pressure  iiu.ouo 

T^^^  ^^^^m^PE  .\  lH  r>])e<  ti  (•  viewof  the 

^tl^Kf^^^^  1^    sub-station,  as  seen  from  a  point 
^    ^^^K^l    'KI    on  the  left  of  Fig.  1,283,  behind 

tlie    jow-voh.ige  huildiiit,', 
given  in  Fig.  1,284.  By  compar- 
ing the  two  figures  most  of  the 

-Ouitl.ior  Oil  Swii.        lifter  a  Hli/zani  ■       i   *    -i  i  i 

niani  details  can  he  made  cjut. 
The  suh->tation  is  rated  to  liandle  6o,oou  kilowatts,  its  first  equipment, 
in  1014.  being  with  apparatus  for  half  its  capacity.  The  incoming  lines 
are  all  at  iio.ooo  volts,  as  are  also  three  outgoing  lines,  the  term  "  line  " 
being  use<l  to  -pt  (  ify  the  three  conductors  of  the  three-phase  transmis>ion. 
It  is  ne(  I  -ary  to  reiiuinhcr  this  because  for  each  "  line  "  the  apparatus  ol 
all  kin(l^  is  in  triplicate,  no  three-phase  transformers  or  switches  being  used. 

On  the  left-hand  side  of  the  plan  (Fig.  T.283),  along  the  line  b  b',  are  the 
structures  supporting  the  horn  gaps  I  clmkint;  cils  .,t  the  ends  of  the 
overhead  high- voltage  lines.  Tht  ..re  similar  structures  at  A  and  a' 
on  either  side  of  the  main  building,  and  the  det?ils  of  the  apparatus  at 
A  and  the  two  groups  along  the  line  a  b'  can  be  made  out  in  Pic  1,284. 


He. 


p!Ay  Oh-  O  •m>.'.v  Sv  ->r.-  "I'.v 

ilii-  iir>t  t\v(i  Kronix  mi  tin-  liii  -  h  h'  Im.I  not  lu  i  " 
]iliiiti>(,'r.ii>h  w.i-i  t.iktii. 

Un  fithcr  -iili'  «.|  \W  (  .mr.  I  .hiiul  tin-  m.iin  hniM 


l>t.lll<ll    Wlu'll  till' 


p|  f.; 

Ac/ion  Ihnyfh  Oil'Si'ikh  founda'n/n 

FiK.  1,281.— Plan  of  High-voltaffC  Oatdoi-tr 

Sii^.  ^^,lIion  al  Ailaiit.i.  'J 'ij < 

rows  of  tall  quailranRul.ir  lattiif  towiTs.  whidi  Mijipuit  tlif  high-tr<ls^ 
girders  from  which  the  bu*bar<,  otf.,  are  sH>;|i«>n(lc<l.  Between  the  foun- 
dations of  the  towers  are  placed  the  oil  switches,  each  a  single-pole  switch. 
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wliii  li  .iri'  intiM  p()-.r 
bii^l'ai^  on  till'  I'lir 


1  I'li  rtfii  Ix  iwc  ii  till'  tiMii-mi— inn  liin 
li.ind  aii'l  I),  tu.  i  n  tin-  l)U~l>,i!"~  a 


tho 


ii'l  the  liii;li-\'ilt.ij;i- 
terminals  of  tlie 
tr  iiisformers  on  the 

I'thrr.  SoIIU-  lif 
tlli'^r     (li!  >\\it'lir- 

1  ,iu  be  Very  i  le.irly 
-eeii  ill  Y'vi.  1.J84. 
Tla'  hu^har-.  are  ot 
(  opper  tiibiiiL;  >up- 
ported  by  hanijers 
till  111  a  ^  -  i  II  !■  li 
I  ii]iiii  r-i  lad  eaten- 
ar\ .  w  hii  h  sup- 
ported Iron)  the 
>teel  framework  by 
>trin:,'^  ot  (|j-.c  iii- 
>ulators.  DiMdii- 
necting  switches  are 
in-ertrd  at  thr  u-ual 
point-,  and  the  coii- 
tarts  are  so  pro- 
tected by  lioods 
tliat  the\-  can  be 
operated  from  tlie 
!,'n>uiid  ill  Severe 
wintry  weather. 

1  11!'  ])o-itioii-  ol 
tlie  eii;hteeii  tran>- 
f'  iriners(-ix  t,M(-ups), 
whi«  li  will  take  tlie 
lull  load  <f  the 
.-tatii  ill.  i>  A\<  'W  11  ill 
the  central  part  ot 
t'le  planfFig.  i,2S^), 
and  the  tlirei'  i;roiip~ 
installed  ill  1()I4  are 
^liown  in  Fi.u.  1.285. 
which  is  lioiii  a 
point  ot  \  leu  in 
till'  central  ,i;.iii,i;- 
vvay  facing  the  white  house  seen  ia  Fig.  1.284.  '^"^  which  in  Fig.  1.285  is 
marked  as  the  "  repair  ?!iop."    Each  single-pliasc  transformer  has  a 
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r,i]).u  it\'  lit  3.333  kilovolt-.iiiipt  rc<,  111. 1  -trjw  .Inwn  ihi'  vult.ii^t'  trmn 
jiii.tiiio  to  ii  .iiiio  vult^.  riu'  tr,in>tiiriiirr^  ,irc  w.iit  r-i  (mini.  mihI  aro 
svipi>lit'il  uitli  ■  cHilini;  w.itcr  troin  tln'  w.iti  i---liii.ii:f  tank,  \\lii>!i  1  .in  Ix' 
Still  in  the  Ixukyrmiiul  in  Bisiihs  the  wattr  ilistribution 

sv^ttmi  thort-  nn^  oil  mains  connrftint;  the  different  transfonners  with 
the  tiltii  jir.  .mil  th'-  » 'il-^tora^t'  t.iiik  in  h  a  w.iy  tli.it  tin-  nil  111. iv 
lie  <i  in  lithir  diri'ition  thruu^li  tlu  v>tini.  Alonj;  the  wIkiIc 
length  of  'he  transformer  spare,  and  at  rijjht  angles  with  turntables  at 
tlif  (  orncr~,  tliori'  arc  trollcN-  liius.  as  shown  in  1.285.    By  means 

ill  thc-c  ami  the  small  trolley  shown  at  .\  in  Fif<.  1.2S5,  any  transformer^ 
oil  swit(  h  or  other  heavy  piece  of  apparatus  can  lie  rapidly  transferred 


Fig.  !..'?>;.— Six  3,300  *».A.  iicyjM  to  ii.ooo  voli.  Tran»fot«ier»  iii  Atlanta  S'llwlatian. 


to  the  repair  shop  for  overhaulint;  and  repair.    This  repair  shop  is,  of 

r.ilir-i-.  well  1  (inilipnl  tnr  tllr  \V"lk  it  i-  .  .llli  d  U])nii  tu  ilo. 

The  lii\\-\iilt.i;:r  (ll.i""'  \i'lt^)  li\lil~  .ifr  c  .inicl  lliiin  the  top  of  the 
hack  <if  flic  ti  .iii~li>rni(  r  tn  mcsli  hushars  sn])por!i  .l  on  ,1  pipe  li  . mi.  work. 
Fnitn  the  hu-l>.n-  the  leads  are  carried  thronjih  root-cntrancc  Im-hinf^s 
set  in  iron  i.i-tinu-  into  the  "subway."  which  is  shown  in  Fit,'.  1.283.  run- 
ninu  behind  th.-  tr.mplornier  banks,  ['he  -nlnv.iv.  whirh  7  I.  ct  liii;!!.  is 
shown  se}>aratelv  ui  Fit,'.  1.28(1,  The  li.ooo-volt  Ic.iils  cnfi  ini!;  tliron,t;li  the 
roof  are  connected  to  ]  ,Vin.  tubinsj,  which  is  run  at  the  -ide  of  the  sub- 
wa\-  .iloii.;  ii'in  ic  tc  -iiiKc-.  mi  wlii'  h  the  t\ibini;  i-  -uppnnnl  on  ])on  i  l,un 
insulator-,  llu-  >uh\v,iy  runs  ri;.;lit  into  the  lii\\-\ ci!i.il:c  ni.mi  huililiim, 
ami  carries  the  leads  <in  to  their   respective   oil  _^-witches  therein. 
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F!k.  t.tlf.— Low-voltage  (ii,<oo  volls 


Tlif  i)ha3es  of  each 
"  liiie  '  are  separated 
throughout  bymasonr\' 
harriers. 

In  this  i)uil(Jing  i-; 
>itii,itt'il   tlic  rt-mote- 
lontrol  switchboard 
( Fii,M.287).  from  which 
the   cntiro   -t.ition  is 
nmtroUed.     It   is  ot 
the  desk  pattern  (see 
also  Figs.        :in<l  552 
554).    with  tilt- 
ineasurinti  instruments 
>n  vertical  panels  at 
the  back,  and  with 
mimic    busbars  and 
)nnectors  on  the  top 
of  the  desk.  Thehigh- 
voltajic    sections  are 
indicated     l>v  brass 
..„u^„„  ,  strips  and  the  low- 

n«  '^'^^  «   ^^^'^''^'^  through 

pull-hutton     switches,     which     operate    in    circuits    energised  by 

a  .250- volt  40- 
ampere  -hour 
storage  battery, 
which  is  charg- 
ed by  two  10- 
kilowatt  motor- 
generator  sets. 
These  motor 
iii'iiiiMtm a> 
w  ell   a  ^    t  h  c 
inimps.continu- 
<>  11  -  -  (  u  r  r  c  11  c 
lif-iitint;  main, 
etc.,  ;ire  ener- 
:;iseil  irom  two 
l)anks,  each  of 
three  kilovoit- 

.8?,    R,m«««a«l  Switchboard  «  ih.  AiUm.  High-volUfc  Outdoor  "      ''"^l'^*'"''  t""'!"*- 

sttb->iatioii.  lurmers.  I  r,(H)f)- 


riR. 
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trans- 


irfi-jj"    volts,   and  thnt 
former?. 

TheoutgoinR  K)\v- 
MiIt.ii;o  coniluctiirs. 
h'toeii  in  all,  are 
each  i)f  .jdo-amperos 
rapacity.  Nine  of 
tlu-f  arc  under- 
ui' 'UikI.  and  six  (two 
tlirce-phaie  sets)  are 
Kverhead.  Thestnu- 
ture  fur  (  arryiiif,'  tlic 
(li'ad  ends  of  the 
I  i  .ooo-volt  overliead 
inies  can  be  seen  in 
front  of  the  building 
ill  Y'v^.  1,284. 

Reasons  quite 
dififerent  from  thost 
wiiieh  h.i\e  le 
the  developmeni  u! 
the  larf(e  outdoor 
?ub-jtations  just  de- 
scrilx'd  liave  broufjht 
alKiut  the  installa- 
tion of  another  type 

of    outdoor    station  El'vatioM  of  a  Singl«-pha»«  33,  «o-»oll  Outiluor  Snl.-Mation. 

In  the  Middle  and  Far  West  states  and  provinies  on  the  N.nth  .\ineriean 
continent,  where  labour  is  often  \ery  scarce,  a  demand  h.is  spriniK  up 
among  the  farmers  for  electric  power,  which,  it  seems  reasonable  to 

-n])])ii-i',ripnlii  ill-  tapped 
troni  the  hinii-voltai,-- 
transmission  lines  pa-s- 
\\\^  over  or  within  sight 
of  their  farms.  Central 
station  ni,iM.iL;i  i ~  li.ivi^ 
not  been  slow  to  recog- 
nise   the  commercial 

Wllueot  the  (Iein,uul  .Uld 
to  ,:.;i\e  attt  iitlMii  lo  the 
problems  pi  .  united, 
of  the   loni,' -distance 
transmission  line  is  evidently  requiretl,  bnt  tlu-  d.-mand  is  smal!  an  1  \  vry 


I'l.m  of  ■ 


■■l.h.v 


\\\\\. 

•  3  .,oxj-\oU  (hit.! 


A   "  .-tt'p-dowii  "    >ub-itati<»n  in   tlu-  viciaitv 
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scattoRd,  s„  tint  in  many  cases  a  maximum  output  ,.f  kilowatt  w.ni'd 
probably  supply  all  the  power  that  is  likely  to  l>e  r...|n„;,l  witliin  a  rea^cn- 
able  thstributint:  distan.v  of  tl...  taj.pinK  P-'int.  Notwithstanding  it  is 
essentia  that  the  capital  and  maintenance  costs  per  kilowatt  must  be  kept 
•lown  If  the  charges  are  to  be  low  enough  to  attract  th.-  necessary 
customers  m  order  to  secure  a  fair  return  on  the  in\  (  -tnicnt 

An  important  factor  in  reducing  tlu-  capita!  cost  is  to  disp.  n.,.  if  pos- 
sible, with  an  enclosing  buUding  for  the  plant.    Th-  -  requires  that  the 

installation  -lir.ll 
be  weather- 
proof,  and  in 
its    design  the 
experience  gain- 
ed in  the  larger 
stations  be- 
comes useful, 
riie  det.tils  of  a 
siiigle-])iiase  50- 
kihmatt  station 
of  this  kind  are 
in    l'"ig>;.    T.28S  to 
I  lie  wiiiile  appar- 
atus is  support<'d  on  two 
poles  p  p.  which  cnr.y  the 
l'l.itl..nii  A  \  l)\  niean-^  ot 
the  imn  hainework  -liown. 
A  side  elevation  of  the 
arrangement  i-   -i\.n  in 
I'ig.    I.2,S.S    aiKl    an  end 
ele\atiiiii    in    l-"ig.  i.28(). 
whilst  i'ig.  1.291)  supplies 
a  plan  on  a  laigir  >.cale. 
'l  ilt  iiriiicip.il  .ipparatus  is 
,  ,      ,  ,  "'         '1  'ili  .wv  liie  jirimarv  terminals  and 

t,t,  the  scconda.A  terminals.  The  particular  apparatus  shown  was 
used  to  step-<Iown  j:„ooo  volts  on  the  inroming  line  i  i  f.  •  >m  s,,it. 
on  the  outgoing  line  //.  In  this  case  s^utche.  .ue  provided  on  both 
tu.  Ind.-  and  the  low-v.-ltage  lines.  The  high-voltage  >wneh  ss  is 
o  the  doub,  -pole  type,  an.'  it  is  operated  by  the  handle  H  at  the  bottom 
"i'>  "1  the  pillars.  The  transmission  lines  r  l  are  made  last  to 
the  cup  ,n>uhu<,r<  /,  and  the  triple-.lu<!  inMilato.s  and  a  jnm,>er  is 
earned  to  the  terminal.  A  hise  /  and  a  choking  cod  c  are  inserted 
m  parallel  on  each  line  between  the  insulators  ?,  and  .•- ,  the  latter  sup- 


Fij;  i.asi._Thrce-[.li..«  i:  .t.v. 

the  static  transformer  t. 


.'1  Out.!  ■OT  Siii-vt.,i,,,„. 
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port  the  insulated  -i<l.  ..t  ili.  Imrn-gap tlio  nth«T  sido  ut  \vliii-li  is  f.irthiHl. 
l"n>m  /.  the  liinli-vultag^-  Jiiu-  f;o»-s  to  the  tr.in-t..nn(  i  1. 1111111. il-  /,  .',. 
Tho  scrondarv  ti-rminals  /..A,  an-  carrifd  to  tlic  m.ii  .nUdinatu-  wcathti- 
pnx.t  cil  -wit.  h  11.  whi.  h  -iipiHTtnl  l.v  tlir  trann'w..rk  u  at  a  lowrr 
Icvil  than  the  lii^li  viiltaKt'  iiut lining  ttrmni.ils. 

Another  station  of  this  kind,   150  ki'owntts  tlirc.-]i|iaM'.  is  shown 

III  ])rr-ivctivf  in  I'ii,'.  l.2<n      The  -lipplv  i-  .it    ;  ;,,„„,  \  ,  It.  ,„„1  (,o  ].,.M,„1-. 

.111(1  till'  aiip.iratus  is  cirii.  d  011  Vw  p,.|,  ..  All  tlir  l..,i,l  >\vitt  liinK  i-  don.' 
..11  tlie  low- voltage  side.  Iluir  .iri'  tliree  >inKle-phase  transformers,  with 
their  primaries  connected  in  nush  to  tlie  hiijii-vnit.it;!"  lims.  Tlic  hi^^L- 
voltage  equipment,  consisting  of  the  insiil.iturs.  ,1  triple  di^  (miifctiiii,'  >\viti  li, 
!ii-e>;.  horii-y.ip-,  .111(1  cliukiiii;  (  (111-,  e.uru.l  (.11  .1  .  Ii.iiiiicl-in .11  !r.inuAvork 
supported  by  cross  .iriii-.    I'll.'  ...  t,  iniin.il-.  .uv  c.irried  tirst  to  three 


24-'.--Outi!i3or  3J.ooc-\...l  Sub-siation  f  t  Pump  Molurs. 


>p.iii  wir.-  (.irricd  .in  iiwul.it. ir-  -upp..it..l  l.\  t'l.  In, i. kit-  i!  li.  civ  o! 
which  caiTie>  the  iKiii-a'tt.  ■uiai.  ■  w.  .itlRr-prodt  oil  switch  o,  intctposed 
between  the  transformers  and  the  ontsoin«  load  lines.  The  ^,1.000  volts 
is  -tei>ped  d..\vi  til  II. I,  jjo,  ,111.1  _|.).i  \,,|t-.  ,ind  the  l.iw-v.jitaye  switch 
itiu-t  ahv.i\-  lie  ..jMiied  in    i.h.iii.-e  ,,|  the  hii;li-V(iltat;e  di-connectinn; 

^\\it.'lK■S. 

A  sonu-wli.it  dilterem  jiatteni  nt  iliree-pli.i-,'  '..""o-x .ilt  -iili--tati(m 
is  shown  in  I-'it,'.  i.jiu.  This  w.i-,  ere(  ted  to  -upply  (  urn  iit  Icr  up.  i.iting 
.  KctriLallv  (lri\.  ii  ))uii!p-..  Tlie  hit;h-\ oltaKe  switches  are  erected  un  a 
iieiRhbourinK  pole,  and  the  transformers  are  protected  I>v  fuses  imlv-  la 
such  cases  the  main  lines  must  he  pn.ite--'  1  1  v  lii.'litniiiL;  .irresters  within 
1  1.  ,1-iin.ilile  (li-t.ince  iif  the  station. 

Still  larger  outdoor  sub-stations  are  i  n  oted,  -utticient  to  ^upplvasmall 
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town  In  such  cases  a  little  coven  ,i-in  c„pl,„ard  i.  p,uvi.l,.,l  tl,..  plat- 
T.lc^t  \^       f""'  ^'t''^"^'-"  ->t.rs,  the  distributing 

feeders  automatic  voltage  regulators  for  the 

The  conditions  which  such  expved  stations  have  to  fare  are  xe^v  ri«.,r- 
ous  for  m  the  winter  the  ul„.l,.  „ati„.,  nK,^  h.  loaded  up  w.th  ice.'  and  it 
may  also  be  subjected  to  Mol,,,t  thu,„l,  ,.,o„n,  and  cyclones. 

I.   (ii.)~«lMKAn.iN-  OK  siATIC    1  KAN  SI ,  .KMIK  s,  r.-s  I  ATI.  .N> 

Most  of  the  apparatus,  instrument.,  switches,  fu.e>,  et.  ..  necessary  tor 
he  ..q,np,n,.„t  o  a  static  ,ran.torn>,  r  >ub-station  will  be  found  described 
n  uthe    parts  of  this  book,  and   with  one  exception   it  is  unnece-.arv 
to  supplement  these  descriptions  here.    Some  illustrations  have  also  been 
g.ven  earher  m  this  clK.j.ter,  and  in  the  section  „n  generating-station 

!..>  ^ubje.  t  will  not  therefore  be  dealt  with  further  in  this  section.  Since 

^riT ■'ir^'""'^  P^"f       "P"''^"^""  transformers  onlv  would 

a   first  sight  appear  to  be  a  ver>  simple  matter,  i,ut,  notwithstanding, 
1  riy  are  o„..  ,  r  two  matters  „,  transformer  working  to  which  some  at- 

I  nft  ^'^""^^  "  convenient  to  postpone 

tdl  af  er  the  next  section  all  those  operations  which  in  anv  modern  scheme 
ha^e  to  be  considere.l  m  eonnection  with  the  combination  of  static  trans- 
lormers  with  the  kinetic  transformers  described  in  Chapter  VIII 

;;nKdl  transformer  sub-stations  installed  under  the  footwalks 
1  ig.  1,258).  the  transformers,  if  more  than  one,  are  joined  up  per- 
«l.v  m  circuit,  and  their  primaries  are  on  the  high-toltage  mains. 
whate^e,  the  load  on  their  secondaries  mav  be.  This  is.  of  cout^e.  an 
argument  against  the  lavish  use  of  such  chambers,  whick  can  onlv  Z 
economical  where  the  consumers  are  few  and  scattered  and  individually 
t  dLSrf  -i-v  the  h.ad  in  the  suiround- 

d.f  [t.  ^-"centratci,  the  sub-station  should  be  pro- 

d.d  «ith  switching  apparatus  for  increasing  and  reducing  the  number 
o  tn,  .rmers  in  circuit  as  the  load  Hiu  tnat..  up  and  down.  For  this 
pu.pos,  11,11,,^  ai.phance>  will  be  provided  on  both  the  high-  and 
tm  lou -^„.,  sides,  and  in  connection  with  the  operation  of  these  some 
interi>ting  points  arise. 

Paralleling:  Transfopiners.-.\t  h,.,t  si,iit  u  n..d,t  appear  that 

V  ".  "  """"'"^  transtorm..,s  ,n  and  "^t  of  cir- 

uu  ^^hu  h  call,  lor  comnu  nt.  and  this  is  ccTtainlv  the  c  a-e  in  singK  -pi,.,.. 

rfuS.  oh'        V"  '^'^'^'^        ""'^  construaion. 

in  taiee-pha^e  working,  how,  ve, ,  an,!  whm  ,Iiff.,vnt  tv  p.s  and  sizes  of 
transtornuTs  have  to  be  paralleled,  the  case  i.  not  so  .imple. 

^^rkln^-    If  two   transformers  have   their  primaries 
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parallfled  on  to  the  same  mains,  tlien  it  i>  obvious  that  if  the  secondaries 
are  to  run  in  parallel  it  is  necessary  (i.l  tliat  thr  t.nuin,;!^  mi  tie  Mr..ii,l,.i\ 
side  which  are  joined  together  should  lia\e  tlie  >..nie  pohinlw  (ii.i  that 
tlic  tiaiisf,,rm(r>  should  have  the  same  voltuge  ratio,  and  (iii.)  the  sanu- 
IKTcctitaKe  iinpiiiiitu;-. 

The  test  for  polarity  is  simple,  and  need  onlv  he  jn.idr  wh.  ii  new  tian>- 
fortners  are  heinK  installed  and  an-  In  iii-  iM  iiiian,  iitlv  .  umi.rt.d  tn  th.- 
switches,  fuses,  busbars.  ,  t. .  11,,.  pnnury  terjninal^  ol  tlu^  inauniny 
ti.iiisformer  ha\-ing  been  eomui  ted  in  the  most  convenient  nuinner  t.i 
the  primary  circuits,  one  of  the  secondary  t,  rmiiiaK  ~h,,iii,l  1„  (  mihi.  ,  trd 
to  one  of  the  secondary  busbars,  thes,-  l)u>i)ar>  Ixini,'  .iliv,  Irmii  tlu- 
Mvondarios  of  the  other  transformers  alreai.y  in  circuit.  A  -uital>l.-  volt- 
meter should  then  measure  the  pressure  between  tite  oth.  r  busbar  and 
the  unconnected  terminal  of  the  incoming  transformer.  If  this  i>n>-v..v 
!»■  found  to  be  zero  tli.'  pol,nit\  i~  all  riijlit  and  the  M'cun.l  t.nninal  i..n 
be  connected  up.  It,  liow.  vcr,  the  voltmeter  shows  livublc  the  busl'^.r 
P. I).,  the  first  connection  made  is  WTonR.  and  that  conne.tion  must  In- 
crossed  over  to  the  other  bu>bar  and  tli.'  oth.r  conii.(t:..n  made  to  the 
first  busbar.    This  test  is  known  technically  as  "  plia>nif;-out." 

It  is  also  obvious  that  the  voltage  ratio  shoidd  be  the  same,  because- 
if  there  be  a  serious  difference,  say  lo  per  cent.,  the  two  secondar\  ( oil>. 
when  paralleled  and  energised  from  the  same  primary  mains,  will  beha-e 
as  two  batteries  with  diffen  nt  volta^o  join.  ,!  in  parallel.  With  no  workini; 
load  the  difference  of  the  two  voltages  will  cause  a  heavv  current  to 
circulate  through  the  impedances  of  the  two  coils  which  will  be  in  series 
with  one  another.  As  the-c  int.Tiial  :jiii)r,lanc,s  arc  »nall  compand  with 
the  load  impedances,  it  may  well  liapi)en  that  thi>  circulating  current  is 
heavier  even  than  the  load  current  of  the  smaller  of  the  two  transformers 
if  they  be  of  different  capacities.  It  is  easy  to  make  the  calculation  when 
the  effective  impedances  at  full  load  are  known. 

That  ihe  third  condition  -liould  !),■,  at  least  approximatelv,  fulfilled  is 
aUo  obvious,  though  its  rigoI■l.u^  tnltiljn.nt  is  not  essential.  It  shoul.l 
be  explained  th-t  for  many  practicil  purix.ses  it  is  convenient  to  specify 
the  impedance  of  a  tran>torni.'r  l)\  th.-  p.  n  .  nt.ii,'.'  .In.p  .,|  \.,lt-  at  tli. 
secondary  terminals  .m  lull  lou.l,  tlu  cjiipari-on  lu-ing  ma.le  with  th.- 
voltage  ratio.  In  ad.lition  to  the  voltage  ratios  being  the  same  for 
paralleling  purposes,  the  pcrcciitn^c-  /;;;/),■,/,,;;. w  a^  .  ,1, n,,.  .1  ~h..nM 
also  be  the  same,  not  onlv  in  niai;nitu.l.  but  in  tli.u  .U'.ci  ..ii  the  pha^c 
.nml.".  It  i-^.  .11  couiM-,  d.-iial.!.  tli.it  th.'  load  shoul.l  be  divided,  accord- 
ing to  their  capacities,  betw.cii  all  the  transl. .rmeis  ..n  tli.-  bn-bai-  Tlii- 
will  approximately  happen  at  full  l.-ad  if  the  jn.tirnitn.l.-  ..|  th.'  p.  i.  enlace 
impedance  b..  the  same,  the  v.-h-.,-'.  .-..ti..-  ;,|-..  Ivii-  the  s,.!ue.  inn  there 
may  be  differeiic.s  at  ..tlu  r  loadv  uiile-.>  the  chaiacteri>tic>  of  the  trans- 
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lonn.  rs  ar.'  s.m.Iar.  It  will  not  happen,  m-n  at  lull  loa.l.  il  tl..  i.,t1„.  n. v 
of  tlM-  impedancps  cm  the  phase  angles  be  diff.nnt,  that  is.  it  tl..'  \ahus 
of  /««  ^  the  r.iti.Knt  ,,,,1,,,-tiv,-  r.M.  t.m.v  t..  n-i,t.nuv,  ,hff.T.  In  this 
rase,  the  I„a,l  ,  ,„  r.„t  will  .livule  in  inverse  pn.p-rtu.n  to  these  impedances. 
"HI  s,,n„.  „,  ,|„.  tiMn.f„nners  may  thus  be  overloaded.  Further  the 
•o.ls  with  the  higher  values  .,f  /,„/  ^  will  rarrv  hf^^iu^  .  uri.  nt^,  .n,l  iIh.m 
with  the  lower  values  /,W,„.'  .nrr.nt^  w.tl.  r.-p.rt  the  phas.'  ct  tlu- 
or  line  .nrnnt,  ■||,i>  is  „l,vi.m.lv  undesirable,  though  the  matter 
1-  n<.t  Ml  s.  rious  as  dilferinces  in  jM.laritv  or  voltage  ratio. 

Voltage  ratio,  percentage  and  the  characteristic  impedanc.  a,,  la.  t<.r^ 
which  are  inv..lved  in  tli,.  d.  siKn  .,f  tli.'  tr.ins|..„n.  r.  If  the  voltaic  ratio 
be  wrong  the  transfornu  r  niu>t  n.-t  be  paralleled.  If.  however,  the  voltages 
are  nglit  but  the  impedance  at  full  load  be  too  low.  matters  may  bo  adjusted 
by  the  judicious  use  of  a  suitable  choking  coil  intrmlucwl  "between  the 
secondary  terminals  and  the  busbars. 

Ordinary  Three-phase  Workinf..~\\hvn  we  turn  to  the  case  of  polv- 
.r  ..  ■ 
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phas.-  w.„k,n^-  .ui.lUH.nal  l.u  tors  .uv  intn.dnc.d  „„.,  the  pn.l.kni  of 
pan.ll,  1,,,.;.  tl,..  most  important  of  these  being  (i.»  that  tti..  ,m  th..,l  .,f  eon- 
nec:  ,g  „„.  j,,,;,,^.^  ,,j,f^,r,.„t  „,u,st,„„u  i.  .|,nul,!  1„  .,1. 1,  a.  to  nnke 

parauehng  ,K,ssible.  an.l  (ii.)  that.  ti,i>  Inmg  ..>Mnvd,  the  phase  rotation 
n.  th,  Mrond.irv  .0,1.  .,f  tl,..  i,„„n,ing  t.ansformer  should  be  the  same 
.!>  .1)1  the  secuiidary  busbars  of  the  M,i>->tati.'ii. 

As  regards  (i.).  the  question  of  pan,ll,.|i„g  t]„...-pha>e  tranMurnurs 
h.^  ahva,  V  Ih  ,  ,,  n  t,  ,■„  ,!  t..  .„,  p.,g..  ,,4;,  ^-here  it  has  been  shown  that 
■  t  pos-.l.k.  by  p,-op,r  att.„ti.,n  t..  voltage  ratios  to  parallel  similar  con- 
n.  .  t,  ,1  transf,.rmers  such  as  "  mesh-mesh  "  with  "  mesh-mesh  "  or  "  me^h- 
star  ■  vvuh  ••  mesh-.tar.-  a„,i  <o  „„.  W.tl,  tl„.  s.n,..  pn,vi>o  ,t  ,s  aNo 
p.-M|,le  ,„  parallel  "  i,,,..,],-,,,..], with  •'star-star,"  and  "  me^h-star  " 
u  itl.  >i  n-,„.>l,.  I,  has,  however,  been  shown  that  on  account  of  phas,. 
dilterences  it  is  not  possible  to  parall.l  "  m.s],-nu-h  or  "s,  u-'t  ,r" 
banks  of  transformers  on  the  one  hand  with  "  m.>h-<tar  "  or  "  slar-inc-h  " 
banks  of  transformers  on  the  other. 
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Till-  iiiu'stioii  i>t  (il  l  \Av.\^i'  n. I, nil. II  was  allmlitl  to  hut  not  fully  <Iialt 
with  at  pajjf  M47.  and  a  lew  lino  an-  tlunforc  iitd-s-ny  ti.rr  to  >||i,w 
how  this  can  In-  lU'tonniut'il  iti  conncctiin,'  up  the  tran»!oi t...i in  a  -.iili- 
>tation. 

Thi-  -.impU-st  laM-  to  di-al  \miIi  iii>t  1-  tlut  in  wiiiili  l.,.tli  m  .  i  iiilaiu  - 
are  "star"  ronntiti  tl.  and  in  wliirli  the  ]>rii|ur  I'.i'.  Ixtwiiti  tiiiv  liin 

.ii'.d  till'  ni'iiti.il  |M'inl  I't  till-  >tar  i--  0  577  c)  tin  lim  \ -li.i-i  im,  |  i- 
In  l-i;;-.  I.-'M  ;  aixl  li  t  \.  v,  :  iv|.i(  M  iit  tin-  tlim  li  i;-  ,  I  th.  m  i  i.|ulai\ 
ol  ,1  ti.ui-liiiiiici  allrad\-  <  i.niu<tr<l  to  tin-  bushais  .\ ,  '/.,  an<l  \'.  \',  :' 
till'  ol  till'  Mroiidaiy  ot  the  inconiinn  transluunti  win.-,  piimaix 
terminals  have  already  been  lonneeted  to  the  priniaix  main-.  Il  nuw  tli. 
twi'  m  Ml  I  ,il  p.  int-  '  m|  thr  -t.'i-  In  .  ..1111,  ,  i,  ,1.  ) .1 ,  nt  1,1 1  -  i.|  all  th. 
teriimiaK  lrlatl\el\  ti.  llli-  lU  Utial  ( i.liiu  i  t li .11  Will  be  ll\«  d.  Ihe  Liitul- 
to  In-  determined  are  tlu'  (lolarities  of  the  inn.mini;  tran-lmnu  i  and  it- 
phase  rotation,  and  ti.r  thi-  pm  |.. -e  voltnu'tei  im  a-iii.  iii,  nt  -  -h.  ul.i  i  a.l, 

between  eadi  busbar  and  the  terminals  a'.  \ '.  and  .'.  Il  tin  p.  laiiiit  - 
aif  lorreit,  then,  V  In'iuf;  the  line  voltage,  the  two  tvpiial  lases  will  be 
as  fulK»ws  : — 

Case  A  Case  /.' 

X.r'   -  zero  X  a'   -  zeiu 

Y  v'    =  zero  V  ^  '  =  V 

Zz'    ^  zero  7.  z'  -  \' 

In  <'a-i  A  bi.th  the  polaiitir-  ap.d  tin  pha-.  i..tati.  ii  are  eoirett  ami 
the  main  switdies  can  be  di-i-d.  In  (  i-r  I!  th,  pi.|ai  itie>  are  correi  t 
but  the  phase  rotation  is  Wfoni:.  but  may  In  adju-ted  bv  iuten  lianyiin; 
the  \'  and  :'  label-  and  then  riinn.  ■  \uv^  tu  tin  l.iisl.ai-.  a.  i  miliiii^  ti.  th. 
le-inai  kin;,'-.  There  are  twi.  <.b\  ii-ly  ])es-ibi,.  \aiiati(.ii-  i.|  I  a-e  11 
whii  li  1  all  Inr  no  cumment. 

if  the  j)o|;irities  be  wron^'  then-  will  In  n,.  /,  iii  itadini;-  i.|  tin  \.ilt- 
meter,  but  >onie  ot  the  re.idint,--  will  in-  i  154  \'.  imlKatiiii^  that  the  i  i.ii- 
of  the  two  secondarii  -  are  in  -nn  -  ;  i.s,,  ,,,it  ,,|  pha-.  ,  thii.iiL;h  thi'  ii.  utial 
conneition  across  the  teinunal>  ol  the  voltmeter,  and  the  other-  will  be 
0-577  Y.  indiratini;  that  the  coil>  across  the  voltmeter  are  (.0  out  ot 
I'lia-i-.  The  (nn<  ke-t  method  i>l  "  pIia-int;-( mt  "  i-  ti.  Innl  tli,'  i  i.iiilnna- 
lit'ii-  .^iviiiK  the  liiyhei  reading-,  ot  whieli  there  wUl  bi'  tliiee,  and  three 
only.    The  foUowinfj  are  t\pi<  al  rase-  : 

Ciisi  ('  r.,M  /) 

XZ'     =    I- V  X  rr^    J.  V 

Y.v'      1154  Y  Y;'        1154  Y 

Z  v'       1134  V  Zy'    -  M34  Y 

On  analyr-i-  il  will  be  Inuinl  that  the  jiha-e  mtatii'ii  i-  i  iimi  in  (  a-,  r, 
being  coimter-cK  ckwise  lur  both  sets  ol  victor-  taken  111  .  \ clu al  oider, 
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and  is  rvwrstd  in  Case  1),  In  inK  <  <.iint(  r-d...  kwiv  Inr  \  \  7.  ,nd  clock 
wise  for  .r'.  /.  z\    \  simple  m.  th...l  ..t  ni.,kin;;  th.  ..nalvsis  is  to  draw  a 
vector  d.a^ran,  „,  tl...  shape  m  a  .ix-,H..n..  .1  Mar.  a>  in  V\^^.  r,,o5  and  i.2„6. 
and  mark  three  ot  the  veet..rs  l  jo  apart  with  arrow-hea.ls  <lir. .  t.  .1  ,„</;, 
and  label  them  X.  Y.  and  Z.    Mark  the  other  three  ve.  tors  with  arrow- 
heads directed  u.wanh,  and  then  l.d..  1  tli.  ni       , '.  and       s,.  as  to  l-riiii: 
the  above  ,,ai.s  in  li,^.  ;  1.,..  ,„  ,  as,  (  .      being  opp<,site  X,  .v'  opiK.site  Y. 
,md  v  opp„s,„.  /.    The  restilt  for  Case  C  is  shown  in  Pig.  i.^o,  an.l  for 
Case  1)  m  1..K.  i....K>.    To  alter  the  polanti,     ,,  will  W  n.ves.arv  t..  r. 
verse  the  connections  of  the  se,  ondarv  win.lint.s  with  resp.ct  to  the  neutral 
p<.int.     Iliis  will  i„.  ..piivalent  in  the  vector  diagrams  to  sliding  the  x' 
.V  .     vectors  our  the  opposite  X.  Y,  Z  vectors,  thus  in  Fi^f.  i.-og  puttinJ 
on  X.  .V  on  ^  .  and  v'  on  7..    This  will  be  found  to  have  1,  ft  the  ph  ist^ 
rotation  iinc!,,nii.v,l,  Init  it  uill  l„.  d.siral.h-  to  n-lah,  1  th      rniinals  in 
accordance  with  tli.  i».sitions  of  the  coils  (,n  the  X,  Y,  7.  vectors  In-inR 


X 


Fig.  I.jc;;. 


Vti-iur  1  tiaur^ims  "f  Tmn^foriiiers  with  .  'iinei  li'in^  ie\ef.ti(. 


chanped  t«>  v'.  and  so  on 

In  I-"'-.  !,.•,,(,  the  ch.inf^e 
'  "I  the  coiiiu  .  tions  will  also 
have  left  the  phase-rotation 
urn  handed  th.it  is,  ,1- 
v.  rsfd  ;  Imt  this  can  also 
I"'  set  riKht  l)v  n-labelling 
the  coils  .v',  \',  as 
above,  in  acconiance  with 
tin  ir  new  positions  on  the 
X,  Y,  Z  Victors. 

n  non,'  oi  tlic  tr.u.slornu  rs  alr.ady  on  the  busbars  has  a  star-connected 
secondary,  in  order  to  apply  the  above  method  it  will  be  n.ressarv  to  t'tt 
the  busbar  neutral  iK)int  with  suitable  star-coniucted  rtsistances  The 
followinfi  ni.  th.d  is,  huw.  v.T,  more  general,  and  is  applicable  either  to 
"  star  ■  or  '  nus],  ■  connected  secondaries.  The  student  who  has  carefully 
read  the  previous  cases  should  be  able  to  understand  these  anil  make,  wh.  re 
necessary,  the  ci^rresponding  diagrams. 

In  the  general  cas,',  ,.  neutral  point  n..t  being  available,  the  potentials 
of  the  incoming  transtormer  are  anchored,  as  it  were,  bv  connecting  one 
say  a',  to  one  of  tlw  husluis,  s.v  X.  tlui>  bringing  V  to  tlie  same  potential 
as  X.  If  now,  on  a]i].King  the  vultnu  ter  t.st,  Y  v'  and  Z  c'  are  found 
to  lu-  zero,  the  i-olarities  and  phas,.  r.lations  an^  correct,  and  the  trans- 
tormer can  be  fully  switched  on  to  the  busbars.  ANo  if  Y  \'  ind  Z  ~'  ire 
found  to  be  the  line  voltage  (V)  and  Y  z'  and  Z  v'  zero.  thJ  polarities  Lre 
right,  but  the  phaso-rotation  is  reversed,  and  the  markings  of  y'  and  z' 
must  Ik-  intercliaiiged. 

It  may,  however,  happen  that  the  voltmeter  reading  of  Y^-'  and  Zz' 
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-!iow>  i  \  ■  HI  .  t.  li  i.iM'  whilst  Y.-'  and  Zy'  an'  «-a.-h  -  t  ;?  V.  'nm 
means  that  thf  iwlaritit-s  an-  wronR  and  thr  volt..,,-,^  .11,  m  -.11,  -  m  tli.' 
first  case,  and  have  a  phase  difftTrnc-  .,f  ijo  i„  tl,,.  m,,!  tli.  plia-,- 
rutation  is.  h.m.  v,  r,  .  ..rr.  .  t.  In  .hi>  . p..r,,Il,  linK  is  imjHKsibh'  without 
rt  vt  rsinR  tht-  mtcriial  .  ..rin.i  ti..ns  ,  ith.  r  ..t  Uw  primaries  ..r  the  s<iondaries 
but  not  of  both.    The  pham--n>tation  remains  corrert. 

H,  however,  Yv'  an.l  Z     .  ,,.1,       i      \  ',  \     .ni.l  /.  v'  .  I, 

---  J  \'.  both  llie  p..|.,ritv  .111.1  til.'  pluv  -rutaii..n  aiv  wruiin.  win.  h  will 
nect-itat.  a  r.  \  ,  1...I  ..I  the  internal  connections,  and  also  a  re-labelhni;  o( 
the  ttrinii'.aN  y'  aiul  z'. 

tnher  indications  of  revered  i>..hiritv  an  Imnwh,  ,1  bv  -ii.  Ii  t.  .Mliiii;-, 
as  ; — 

(i.J  Vv'        V'.  Z/.'        V,  Z  v'     O.  aii.l  V        r;;  V 
(n.)  Y  v'- 17.5  V'.  Zc'  -0.   Z.v'-V.  and  Y       V. " 
In  case  (i.)  the  plia-r  v.. tat:. .11      .  ,.itr.  t.  but  111  .  a~,-        11  1-  1,  \  ,  ,„  ,1 
The  above  inst.in.  .  .  do  ii,,t  .  xhaii-t  all  tlu-  pu>-.il.U- ,  a«.s,  l.ut  il  uiaM.  1.  d 
.  .lillu  ultv  will  be  experieiued  With  the  casi-s  omitted,  e>iHciallv  it,  in 
any  new  case,  the  projx-r  diagram  be  .-.in  tully  dr.iwn 

Of>t'n  Mesh  or  "  I'.v  "  W,.r/.'ni^.  Wlu  n  on.-  o|  ■  nir.l,  '  . ,  ,1- 
n..t..l  thn-.-,,!,.,.,.  Mt  i>  i,,nov,.,l,  tl„  otli,-,  tuo  ..d, r.ni.uin.iK  <  "H- 
.  t,  ,l  to  tliice-phaM'  maiii^,  will  cimtinue  u>  lunidU-  tli  load,  the  lull- 
1  ad  r.ipacity  beinf,'  re<hice<l  bv  on.-third.  The  method  is  known  as  "  ..pi,, 
mc>li  or  ■•  Vcr  ■•  woikiiii,-.  It  do,.-  not  ,.|trn  ,  ui  ill  pi...  tice.  but  when 
«u  .Hcurriuf;  can  !.,-  ti,..t.d  l,.r  p.,i.,lK.linK  m  th.-  >ame  wav  as  "  nu-h  - 
'  "unected  b.ink>  ..I  trau-loriii.  r-.. 

Three-phase  tu  Tu„-phase  Workiiif;.  In  i>,n,,iMnii;  b.mk.  oi  ti  ,1,^ 
formers  connected  on  the  Scott  sy^t.  ni  ,  NpLnn,  d  ,.i  p.,^,-  ,,4,s.  an.l  kn.,wii 
tcrlinicallv  a->  tlic  T.v  ■  ni.tli-..!  ,,|  ,,,„,„, tio,,,  the  chief  {witU  to  be 
watched  in  phasing-out  '  i>  that  the  three  pha>e  wnidings  mu^t  -\  ni- 
metrically  connected.  If  this  conditi<.n  hv  n..t  fulfilled  tlu-  tw,.  pi,.,~c 
windings  will  be  ;(>  out  of  pli.i>.'. 

Gi)ur,d  Coiisuirrntii,!!-..-  Where  iu-avy  lurrents  are  being  handled  it 
IS  desirable  that  the  leads  between  the  transformers  and  the  busbar-^  or 
mam  junction  should  be  of  the  >.mu-  I,  -  ;tli,  ..r  th.it  the  ie>i^t,.nr,-  .m.l 
reactance  of  the  leads  >lKnild  x.ov  th,  c,,i...atie>  ..t  the  l)ank>  .,1  traii-,- 
tormerN  which  they  serv.-. 

Transformers  should  also  be  paralleled,  wii.  iu  \  .1  jHtssible,  at  the  -,ijiu; 
temperature,  or  at  any  rate  the  differences  .,1  t.  inp.  rature  and  their  eliect 
-n  resistant  .'  >li.iuld  not  be  l.irge. 

The  paralleling  ot  transformers  is  independent  of  the  power  factor 
of  the  load  ;  if  the  paralleling  is  satisfact.irv  at  one  jiower-factor,  it  will 
lie  -ati>factory  at  .ill. 
.  High-voltag-e  Oil-switches.— A  promnunt  leature  in  the  illustrations 
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«.(  llu-  l.iKh-vultaKe  Mib-.tatin.iv  l...th  in.l,>,,r  ...ul  .  ut,!...,,    i,,  ti„.  . 
rr«linK  ..Tti-.n  i.  fumi.!„  ,l  hv  tlu-  in,,-n  .  ^myl. -,».|..  ...l-,wit.  lu-,.  whid. 

I'l  '"  "1  til-'  in..rr  in.Mlr-t  .ii)|>1i.mi.  . ,  ii^  d  for  lower  vohiiRi- 
Nv.'ik.     Ilif  illiiMi..tion>  Kivi.  a  id.-u  ..I  tlif  o  n.  i.il  ..i.iM.nan.v  ..t 

thfsf  switdn>s,  th.-  d.taiN  .,f  whi.h.  a*  niav  w.  ll  h,    Mip,......!  .l.tf.i 

wt.l.  lv.  S.in,.  Ml  tlirm  I,.„.,|.,, ,..,,„,, I,  ntlM  i-  air  ,.„,..t,.  n.ntr..lUM|, 
:m<l  .  an  ..,„  i.,t.  .l  aiit.  inati.  allv  l.v  ivv,  im -i  ui  u  nt  n  ldV:*  ur  oth.  r 
<i,M.  .  ,  a«  lurt-SMtv  ariM  ,.  tlu-  r.  quiMt.'  .  n,  rt;v  U-ma  .  ith.T  .  Urtri.  ,.i 


|>iu  uinatic. 

WitliKUt  attiini.tiii. 


plan  of  High-vjll.i^tr  S»il.  h. 


NMtli  all  llit-<  Naiutit-.  «(•  ^|\c  III  V\\i-. 
 — ^  I.. '07  :<«"l 

llct.llU  el  a  ll.lMi!- 
I'l'c  l.ili  i|  ^uitrli 

\\ 111!  !i     ii  priM  iit' 
■>tan(lai(l  practift- 
witli    thf  I'at-ific 
•  ■  I     .111(1   I'll  ,  tiii 
(  <>)iipaii\ ,     w  liidi 
(■i>ntro|>     t' I  even 
li\(lii'-i-lcftrii'  1,'rii- 
°  trafiiiiL;  >talion~, 
wliii  h  in  iqio  had 
.111  ani^rt'Kate  capa- 
<  itv  i>f  ()5.(w)<)  kilii- 
\\att>.  with  tiaii'.- 
nii— .iiiii  liiu> 
miles    in  length. 
In    till-  iliii>tia- 
tiun<,  I'ly.  i.jii;  i> 
a     ])laii    (it  tlu 
•'wittli    with  the 
t(i])  rt  jnovfd  {mm 
AatiiHi  tliloiiL'h  the 


the  left-hand  half,  \\hi|-t  l  i;;.  i._  ,s  i-  .i     .tKnial  , 

line  A  K  in  Vk.  I.J,,-.  I  ll,  ,K  taiU  aiv  -lu  n  wry  Inllv  in  the  illustrations, 
and  fnrth.  r  <le~enpti( m  i-  ^raively  mcessarv,  but  it  mav  he  noted  that  the 
switch  IS  a  tuiu-hivak  knit.-  tx  p.  ..1  -witrh  T|„.  uv,>  lunl-in-  itic, , . 
are  mounted  4f  inehe-  apart  on  .i  Mii.-t.niti,.!  i,..t,elain  iiiMilat.  ron  the 
i  .  ntr.il  <pind!,-.  aii.l  th.-  knit,  .  ■  nt...  t~  .u <-  ii.it,  hi  t->ha|H'd.  The  nxed 
intact  jaws  are  carri.d  on  well-in>ulated  spin<lle>.  and  the  1,  .uk  p,i<^ 
out  throti^h  lonfjand  thick-rihh.-d  porcelain  insnlatoi>ot  il„-  t vp,  .1.  >cril>ed 
elMwluiv.  .\>  1-  n-nal  in  tin-  kin,l..t  app.iratil-,  tli.  \  .lie  raked  .mtw.inis 
so  mat  the  e.\p.PM(l  t.rniinaU  in  the  an  are  j;  inches  apart,  whilst  the 
opiwsitc  contacts  inside  arc  less  than  i8  inches  apart.   The  oil  level  is  well 


.ilxivc  tht 


lit-  .,,Mi,h  t~.  .11,1  U  maintained  nm-tant  at  all  |v.Mti„n*  i.f  tl... 
moving  jwrts.  and  tiun-  i>  no  infliimmabk-  material  in  danij.  r  i.f  takiim 
fire  from  loak- 

.11^1'     I'l       I'  III! 

an  .111.  rile 
whole  >\vitr|) 
i>  infill, itiij 
I  r  «i  III  t  li  1 
•Moll  lid  by 
rihbfd  jK>rit- 
l.iin  in«nlatin),' 
I  oliimn-  5j 
iiulii^  hif^li, 
wliich  affonl 
]'  r  o  t  r  <•  t  i  oil 
.i.!,'aiii>t  lui  .ik- 
downs  due  to 
-urKis  or  other 
liifs'Ii-VoltaKe 

lll-I  U  1  1 1,1  IK  l'S 

vvlicii  t  he 
switch  is  ojH  ii. 
Lastly,  tlic 
'-witch  i-  -mal- 
li  I-  tliaii  many 
ot  those  illus- 
trated above, 
.1-  it  oi  l  upies 
a  ground  space 
only  .5  feet 
Mlii.irr.  .mil  it> 
luight  to  the 
top     of  the 

terminals  is  les-  tii.iii  5;  iiulif^,  Th, 
on  which  these  <wit(  In  s  aiv  iii-t.illcil  i 


I 

i.. 


«M  r>t  •» 


scction  on  A-a 

fix.  i.jjS.— S»«:tion4l  Elevation  of  Hi<h-\oii«ie  S*ii..! 


liii.'lir-t  voltage  Used  on  the  lines 

100,000  volts. 


H.— KlXt  riC    I  K.VNSKOKMI.K  ST li-S  FA  1  luN S 

In  all  cases  where  the  sub-station  is  ivquind  to  d,,  mon-  than  traiis- 
torm  thr  x  olt.iur  or  the  voltage  and  phase  on  an  alternate-current  svst.-m. 
It  IS  (apart  from  the  use  of  rectifiers)  uecessarv  to  install  nuinin-  in  n  ium  rv 
which  cannot  well  be  h^indh-  „ut  of  doors,  and  fo.  ul,„i,,  ih.  ii  i.nr  ;ui 
indonr  Mib-tation  li.i.  to  1h-  ]>roviil.,l.  Such  a  Mih-^t.ition  i-  ino>t  con- 
veniently referred  to  as  u  kinetic  transtornier  >ub->tation.  tlioU!,'h  it  mav 
131 
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in  adilituin  and  oliin  dots-  cuntuin  otlar  transforming  apparatus  which 
is  not  kint  tic. 

IIm-  v.iiiMiiv  tvpr.  ,,1  kin.ti,-  tr,iii~foiiiii ii.ix.'  ahvadv  been  fully 
d.  ~.  ni>r,i  and  tli.-  pi iiinphs  of  tliiir  action  explained,  l-or  our  present 
jiuipoM  tlir  -nh-tations  in  whicli  they  are  used  may  bp  conveniently 
di\i(ieil  into  the  following;  three  d  iv-, >  : 

(</}  Motor  Generator  ((ouplcd  plaiiti  suh-statioii.-,  using  eitiur 
(i.)  syiichioiious  motors,  or 
(ii.l  induction  motors, 
[b]  Rotary  converter  sub-stations, 
(c'l  Miit'T  coiu'erter  >iil)->tatiiiii>. 
and  we  in'oixisf  to  deal  with  them  m  this  order. 

The  choice  of  a  site  for  a  kinetic  transformer  sulnstation  is  free  from 
many  of  the  difficulties  which  h,  -rt  tli,.  CMriespondui';  clioi.:o  (sec  page  433) 
for  a  gencratir  '  station.  To  -  yiu  with,  many  iikhU  in  !,'(  nerating  stations 
Kipiiie  a  Miii  -tatioii,  tither  on  the  premises  or  clo>e  .a  hand,  for,  aiuongst 
others,  two  puri)oses.  One  is  to  supply  the  station  itself  with  the  neces- 
sary current  for  its  own  lighting  and  the  power  required  l.\-  small  auxiliary 
l>laiit-.  since  oftentimes  the  hulk  of  tlie  jiow.  r  as  generated  is  not  suit- 
.ihle  Um-  such  puriKises.  The  other  object  is  to  transform  large  quantities 
of  the  i>ower  generated  into  a  suiii.ble  form  for  a  particular  system  of 
transmission.  This  latter  is  often  the  ivx  crM-  ,,t  the  oiicratinii '  rrquiied 
in  distant  sub-stations  ol  the  s\steiii,  but  the  machinery  and  apparatus 
recpiired  is  often  similar  if  not  identical.  For  our  present  purjOTse,  there- 
tore,  we  may  disregard  the  (Ufterencc  between  f,'eiierating  >tation  sub- 
stations and  outlying  sub-stations  so  far  as  general  plan  and  la>-out  are 
concern,  d,  thcugh  the  puqxjse  of  any  particular  sub-station  must  always 
be  clearly  realised. 

The  choice  of  a  site  for  an  outlying  sub-station  is  part  of  the  general 
plan  of  tr.m-ini"i(in  and  distribution,  .md  j-,  d.  terinined  in  a.  . /ird.ince 
with  such  -.11.  r.d  ]ilaii.  i;xi.ciisiv<;  sites  can  easily  be  avoided,  lor  the 
sub  st.iti.m  IK  rd  not  be  pi, iced  in  a  iMominent  position  in  a  main  thorough- 
lare.  The  cheapest  back  site  within  a  given  radius  wUl  usually  be  found 
to  fulfil  all  necessary  ie(]uiremeiits. 

Motor  Generator  Sub-stations.  .\  j^ood  ,  x,,mple  of  a  sub-station 
attached  to  a  geneiating  st.f  i*  furnished  at  the  BraiUord  ^'eiuiatim,' 
station,  which  we  have  desn.  ..'d  elsewhere  (s,v  pages  441.  to  44,,  [n 
one  coriur  ut  thc^  phui  ,Vv^.  .y,,  .  ,,„d  a.ljuininj,' \,,.' j  j;,,;;,,,,.  R,,,,,,,'  will 
he  lound  a  ivct.in,:;le  jiuikr.l  '  ]•.  H.  T.  Room.  "  the  letter^  ]•.  H  T  " 
iiicuiin::  .w  ^xpl.mud  elsewhere.  "Extra  High  Tension."  which  is  the 
ofticud  designation  m  Kiii^'l.iiul  ,,t  a  voltage  as  l,,w  .is  (,,3no  voltv  'Jhe 
station  contains  a  large  (piantit>  of  continuous-current  generating  plant 
and  three  turbo-alternators,  but  it  has  been  found  desirable  to  be  able 
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to  tiaii-fniin  si'iiii'  ul  tile  1 . iiitiiuii .u--"iirrriit  pMW.  r  at  i'  ^  tn  m'U-. 
into  iiltiiiiatt  -nint  nt  jiowt  r  at  n.^oo  yah-,  tu  iiu  iit  lur  tr.in-ini>>niii 

purposes  the  output  <if  tlir  ahi  inatiirs. 

Thv  intt  rior  of  tliis  K.  H.  T.  room  >lio\vn  in  l-'ig.  i,J<)(»,  in  which 
the  tiiior  iri  occu])ietl  hy  tliree  \Vc>tiiiL;hoUM'  iiiotoi  Licuerator  >.ets.  The 
capai  ity  <it  each  ^et  is  500  Av.A.,  the  niotoi^  bt  ir.i,'  thr  larL;e  eontinuous- 
curri  lit  machines  which  take  p<jwer  at  4(.io  ti)  300  \  oUs  and  ihive  the 
directlv  coupled  alternators  at  300  R.P.M..  these  alternators  havinc;  a  full- 


Fig.  1,999.— i^radford  >>$oo  .(v.A*  ('>>ntinaoni  and  Ati«mate<urrent  Sub>st»tiuR« 


load  tlirec-phase  output  of  500  Av.a.  at  6,000  to  0.500  \  olts  and  50  jn  riuds. 
The  c.c.  motor  is  mainly  shunt  excited,  but  has  a  compound  ^eries  wind- 
ing, whicli  acts  differentially  when  the  machine  is  running  as  a  motor,  ami 
ti'iuls  to  limit  the  \ariatioii  ot  -peed.  If  the  mI  wcir  wcukiii^'  in  tin  iiAitsc. 
(hrcction  from  .\.c'.  to  c.i .,  this  wiiuhng  would  act  a>  a  coiiip<Jimd  wmd- 
ing,  helping  the  field  and  keeping  up  the  voltage  on  iuavy  loads.  At 
the  far  iiul  of  the  -haft  th' ic  is  a  small  ciniipound  Wdimd  c  ■  111. u  lime 
whicli  acts  .1-  an  e.\citt  t  -iipph  ini,'  the  current  lor  the  -iiuiit  held  of  the 
motor.  Tliis  machine  has  a  \m  akly  saturateil  lidd,  .md  is  theielcjre  very 
sensitive  to  wiriation^  of  speed.  If  the  specd^falls  owing  tn  a  drop  in 
the  c.c.  -iij-ply  v-'ltay_  the  field  of  the  c.c.  motor  receive-,  .ippie,  i.ihly 
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less  current  and  is  weakem-d,  and  fliii>  the  \ari.iti..n  ..f  -pn-.l  Ivcoiiie^ 
less  than  it  would  he  if  tlx-  ti,M  ,  \vit.iti<.ii  vv,  n-  (  ,,ii-tai;.  or  varied  pro- 
l.(.ition:it.lv  uitli  th,'  M.pplv  xnltayr  only.  Thr  lari;.-  c.c.  machine  on 
the  near  end  <.|  the  >haft  is  a  booster  uitended  to  rai^e  tlu-  v..hai,'e  on  the 
brushes  of  the  larjje  motor  when  the  set  is  beiiii;  oi),rat<  (l  at  470  \.,lt^, 
the  somewhat  low  v..ltai;r  of  tl„.  li-htiiit;  I)ii>Imi>.  \i\  the^e  methods 
the  A.c.  voltage  i~  k.  pt  lairly  constant,  whichever  of  the  (hfferent  c-.( . 
busbar  voltaKe-  i>  u-ed  to  supply  iK)wer  to  the  motor. 

The  switchboards  for  these  motor  generators  and  the  turbo-alternators 


Fk.  i,3o3.-.,5>x,  <w.  Dick,  krrr  Inuuclim  Momr  ( l.  iur  .ti.r  Srt  in  London  Eletric 

Tr.lniw.ijs  Sii' 

are  in  the  galleri.  s        i„  i-jg.  but  it  is  not  possible  to  pick  out  the 

(l.tails.  The  control  panels  for  the  motors  are.  however,  on  the  floor 
of  the  room. 

.Although  many  of  thmi  date  bark  to  the  year  190,,  or  earlier,  some 
reference  to  th.'  nil)--'  himh,  „f  the  London  County  Council  tramwa^-s 
in  London  may  not  only  be  of  interest  to  reader-  who  are  l.ondom  r-  but 
to  others  because  of  their  portion  in  the  metropolis  ,,!  thr  empire,  l  ii- 
like  the  el.rtric  li-litin-  l,..,„lon,  wliirh  has  been  entrusted  to  many 
and  diverse  corporation-,  the  supply  ol  electric  power  for  the  trannvavs  i-  in 
the  hands  of  the  supreme  inunicij.a!  authority,  the  f.ou.lon  Countv  Council. 


Tka  .WIK4  y  ,SL'p-srA  r/o.vs 


TluTf  i>.  tin  ii  loll',  unlv  iiiii'  ^i  iu  i.itini;  ^i.itii 'it.    >  ii  lin  iii  i'  is 

maili'  tlstwlicn',  and  wliich  is  ,it  (ini  invirli.  .m  tlic  <  .\trt  inf  i  >ist  ol  tin- 
area.  At  this  station  tlirt'c-pluisf  |xi\vt'r  at  (vdoo  volts  bftwi'cn  phasos  an<l 
at  is  L;i  iu  i,it(  (1  and  1 1 .iii^niit ted  1>\  •jndrn.'ii iiiiid  >  :dilr-    to  lui  iilv  - 

tlirif  siil)---t.itioii>    thirticn  on  tlic  south  .i.ul  ti-n  on  thi-  north  --idr  ol  tlic 
river.    At  these  sub-stations  it  is  transtorim-d   by  kinctie  transfornu-rs, 
,i~~i-icd  wlu  re  necessary  by  statie  transformers,  to  idntiniioiis-riirr«'nt  jK)wer 
■It  ?i^<>  volts.     The  original  e(iuipment  *  of  the^e  stations  was: 
I"     ,;o()-A'\v.  synchronons  motor  generators 
')  5oo-A'\v. 
5,S     3(>()-Aw.  induction  motor  f^enerators 
1. 5'  />\v. 
J    I.5oo-A\v.  rot.iry  converters 
The  inductii^n  motor  of  one  of  the  i.5oo-*\v.  induction  motor  fjcne- 


Kig.  1,301.  -1,500  kw.  Dill;,  Kerr  KoUtry  Converter  in  l.i)n()un  Kte^tric  Tramway\  Su!*-'*lali'>n. 


Litors  is  shown  in  I'it;.  i..io<'.  and  the  continuotis-ciirn  nt  dvnamo  i  an  also 

he  JiattK   ^et  tt.      I  lic  -rt   whirh  W.i-  luiilt  I>\-  Me—t-    Djik.  Ken   ,111(1  Co., 

i.iniited,  runs  .it  1.17  k.I'.m.,  atid  theretore  the  induction  motor  has 
twenty  poles  and  runs  about  S  per  cent,  below  svnchronous  speed.  The 
lotor  is  Wound.  ,nid  ^!ip  riti^s  ate  pio\ided  toi  the  iii-i  ition  ..i  ,1  w.iter 
resistanci'  at  --tarting,  the  lull  liu>i).ir  xolt.if^e  biiiif;  ^witiind  on  to  the 
stator  at  starting.  The  resistance,  as  explained  elsewhere,  is  gradually 
removed  as  thi'  motor  comes  up  to  ^peed 

One  of  the  i.5()()-A\v.  idtar\'  coiuerttis.  aKo  bmlt  Iiv  Mi  ^srs.  Dick, 

•   \!n«  ^r^\h.^.,^^^  .-.rr  n   irn,„  .1  p.,p,T  !.y  Mr.   J.   H.   K  M.  r,  frad  Mrxtr  thr 

Iii'.litutioii  ol  I-^lfLlrical  I"'ni;iiie'T>  i  n  M<iri:li  ^51(1,  ivChv. 


HS4 


J-1 


XI 


II 


I 

I 


I 


II 


io 


ir 


II 


'4 


o 

II 
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Ktrr  and  Co., 
is  shown  in 
Fip.    1, 30 1. 

Till'  m.irllMU' 

mnchino  run- 
niiit;   at  till- 

Spi'cil     (ll  J^li 

K.F.M.,  biiiiL; 
supplied  with 

5-ix-[)lKl>0  l  lll  - 

rents  supplifil 
from  thrt'f- 

ph.i'-f  tran-- 

luIllUT^  (  I  Hi- 
ll (■  c  t  (■  (1  :i  s 
shown  in  I'it;. 
1,013.  A  small 
t  111  I'u-pha  (■ 
induction 
startiiifj  niD- 
tui-,  with  it- 
squiiifl-cat;f 
rotor  on  an 
extension  of 
the  shatt, 
mounted  on  a 
pedestal  out- 
side the  bed- 
plat,'.  Til.' 
method  of 
starting  is  as 
ilt-cubid  ill 
the  eliaptt  r  on 
rotar\'  con- 
\'erter>. 

The  jjlan 
of  one  of  those 
sub-stations 
maybe  used  to 

1  1  I  M  ^  t  t  -  1  t  .  t  *- 


AMERICAlf  RAtlM-AV  SVR-SrA TfOX 


out  of  a  modern  motor  ^'cucratnr  Mil)-'-t.itiiiii  receiving  I'K'itric 
ix)wer  at  a  moderatily  high  voltagi'  aiitl  lU-UverinR  c.c.  p>wfr  at  a 
voltai^p  stiitablp  for  traction  or  factory  working;.  The  jilan  of  the  niaciiino- 
iimin  I'l  tln'  S  ;  ('(hti-h  siil)->t.ition  of  tlu,'  Luiulim  fuuiitv  C'oniuil  cli  ctrii 
tramways  is  tiiiTcfore  given  in  Fig.  1,302.  Tin-  plan  >lio\vs  a  range  of  -ix 
Soo-Aw.  motor  generators  in  a  single  row  occupying  the  length  of  the 
1(111111  witli  a  small  5o-A\v.  motor  generator  at  the  --iili'  for  Npeii.il  work, 
such  .1^  >t.irting  a  l)ig  machine  from  tlte  cc.  ^id,  it  tlie  >t,ition  h.-  "  dead  " 
llie  switehhoard,  which  is  of  the  i)aiicl  t\|ie,  mns  along  tiie  whol.'  lenL;tli 
of  the  station,  the  A.c.  receiving  panels  being  on  the  riglit ;  next  to  tlu  iu 


are  the  C.C.  machine  panel>.  and  C.  track-fuMl  -  .;>anels  to  control 

the  outgoing  power  are  on  the  left,  \  .-pving  about  liai  the  h  ngtli  of  the 
hoard.  There  is  .dso  a  testing  panel  on  the  <  xtreme  left.  A  few  starting 
resistances  are  placed  in  front  ot  the  machines  betwei  n  them  and  the  board, 
but,  compared  with  a  generating  station,  the  whole  jilaii  i-  extnni-lv 
simple,  owing  to  the  absence  of  the  engines  and  then-  auxiliary  plant. 
The  particular  station  illustrated  is  what  is  known  as  a  basement  sub- 
station ;  in  other  words,  the  actual  higli-\  (ilt.i,i,'e  switchgear  ir>  in  the 
basement  below  the  switchboard,  as  illustrated  elsewhere  (sec  page  iihh,, 
and  the  whole  of  the  remainder  of  the  basement  is  available  for  the  vari- 
ous ini  oiiiii!!^'.  (nitijoiii!;,  and  intei-connectinL'  cal'lt  -  w'licli,  a^  there  1-. 
ample  space,  are  very  accessible  aiul  can  W  run  111  tin  1110-1.  coiivi  iiuiit 
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manner.  Tho  .nl.ir  typt-  is  the  "gallery  -  tvpe.  .n  whirl,  tl„  l,i«h- 
v..ltas;e  switdiRear  is  carried  on  a  fiallerv  above  tlir  Mvit.  I.h.,a.,l.    It  n 

1  llciiKT  ti)  htilld.  and 
tile  liigli-voltuge  j,'ear  is 
better  lighted. 

i  lie    (illicfs,  >tiiris, 
etc.,  ot  till'  sui)->tati<)n 
are  not  shown  in  detail, 
as  tlii'v  in(i>t  li r(nii  ntl\- 
(!i  ])t  ikI  ii|iuii  the  r\lg(  ii- 
I  it  -  nl  til,,  ^itr  ,1-  deter- 
mined    i)y     tile  laiKl 
available.     Tluir  ix)>i- 
ticiiis.  IiowtAcr.  are  indi- 
cated on  the  diagram,  at 
the    bottom   of  which 
thrre   is   a  ;-cali'  -hu\v- 
iii.t;  that    tlie  m.ichim- 
rooMi  is  roughly  97  feet 
iont:  by  44  feet  wide, 
including'    tlic  -.pac 
necessary  for  the  switrli- 
boards.   As  already  indi- 
cated, the  statif)n  capa- 
litv  is    ;.n(ii)  i<il(]\vatt~, 
and  it  is  interesting  to 
note  that  the  land,  build- 
ings, and  e(ini]inirnt  co-t 
{,;<>. 7-<».  wliicli  is  {j(rj4 
per  kilowatt. 

A.s  an  example  of  a 
different  kind  of  practice 
fi'ejn  .\nien,  a,  i.,;o_; 
shows  one  ot  lomteen 
motor    gener.itor  sidi- 
^tati'Mis  mi  ihe  <'hieago, 
.Mdwautcee  ami  .si.  Paul 
Railway.    In  this  case 
the     .\.c.  tran-nii~>i()n 
Voltat;e  (I,  Ion, 000  volts 
in  a  neiylibouriiig  liic;li-voltage 
su!)  sl.iiiii;:   iliii-tnitid  a>  .\.(. . 
energy  oj)erates   .1  j,uuu-A\V. 


lia.s    hem    -tepp,  (1    .Imu  i,   to  _■,  ;,),)  vnlls 

sub-station,  .md  the  ener:;v  .nteis  tlie 
energy  at   this   lowered    voltage.  This 


C.C.  Hu.H-VCLTAi.E  Svii-S  lAl  lOS 


~vnthrf>nous  m«itiM  .It  tlif  1  \ti(  nir  I.  tt  in  ilii-  icn  :;i(.iiiul  "I  l  it;  i,  <'n 
the  same  shaft  an-  tlic  ariuatiiri  -  nt  twu  i.nni)  h\\ ,  i  ^d.i-vi.lt  .  .  il\ ii,iiiu)-> 
pirmancntly 
. .  u  ]>  1 1'  (1  in 
-t  in  -  ti>  sup- 
])ly  ;.(M)o-volt 
con  tin  u  o  u  s 
■  iirrcnt  to  tlu' 
ii\  1  rlicid  ((in- 
diuttir  ot  tin- 
railway  for 
distribution 
ti)  thi'  locomo- 
tives. Thtri- 
ire  insulating 
^Iiiclds  anil 

t  Weill  the 
t  h  r  !■  I'    ni  a  - 

.  Ililli  -  ( it  tile 
-it.  wll'i^e 

ti  elds  a  r  e 
>e  jia  ra  t  ely 
excited  bytwo 
-111. ill  (  .1  .  d\  - 
iiaiuii^  luount- 
e  d  o  n  t  h  e 
-h.ilt. 

I  II  t  li  1 
euutitry,  mo- 
tor generator 
-its  lor  eon- 
verting  A.i  . 
])ovver  into  I.e. 
power  lime 
in  1  11  jn.nti- 
eally  sujur- 
seded  bv  ro- 
t.i!  \  .iiul  nil  I- 
lui  converter-. 
Contimums- 

i  Mi\  lit  Si/^.  -There  is  one  t\  i)e  oi  >ub-^tatioiJ  in  \sliii  ]i  the  iieie>>.iry  toii- 
version  from  high  to  low  voltage  is  necessarily  entrusted  to  motor  generators. 
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and  th.it  in  tin-  IiiKli-voltat;.-  i  r.  -v^t.m  of  tran:,mi>>iuii  (Ic.-ctilHd  on 
J>af,'»  s  1 190  to  ii<)b.  Ill  this  svsH  m  the  line  potential  may  bo  anything  up  t. ■ 
37,500  volts  above  or  below  the  earth  potential,  and  must  not  be  handled  bv 
ordinary  c<msuiners.   It  is,  therefore,  supplied  to  a  propi  il\  insulated  c.< 

iuotor  driving  a  tji'- 
ncrator  of  any  tN^pe 
necessary  for  the  ser- 
vice of  the  i>.ir*H-ula! 
-Ml)--t.itii  'II. 

( >iio  ol  tlu'si'  sub- 
stations, as  installed 
on    the    '  h-\iilta^'r 

t  .1  .      sV-trni     ot  tllL' 

.MctrojMiIitan  Electric 
Supply  Conipan\-.  i- 
shown   in  Fig.  i.yj^. 

i-  taken  from 
Mr.  Hight'ield's  paper 
previously  referred  to 
(m,-  ]>.ii,','  rioi).  The 
machine  in  tlie  lore- 
pround  at  the  right- 
liaml  end  of  tlie  -luitt 
is  a  J5()-,'i\v.  c.c. 
ni<ilor.  takiiiL,'  power 
from  the  high-voltage 
mains.  This  machine 
staiKl^  uiioii  an  insu- 
lating foundation,  and 
has  an  insulating 
coupling  ronnectiiii;  it 
nie.  h,inii  all\-  to  the 
III  r.itor  at  the  far 
<  nd  ot  the  shaft.  The 
.generator  i>  a  three- 
jtliase  alternator,  sup- 
plying current  at  3,000 
volts  and  50  r\i .  The 
s])eed  ol  e.ich  jnacliilit 

IS  500  R.P.M.,  which  is  higher  tiian  the  speed  ol  the  generators  n; 
the  power  station.  l  iir  ^wit.  hing  anangements  on  the'  high-voltat.'e 
side  arc  as  simple  as  tluise  at  the  powei-liou-e  (si\-  pa-,  1193!. 

Rotary  Converter  Sub-statlons.— As  the  kmeiu  transfonneis  m 
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tlu-ii'  >ul>--l:itii'ii*  iuu>t  ru'Ci*>>>;irily,  as  cxpKiincil  clscwliric.  l>f  >u]>i>lie«l 
with  luw-vi>ltage  iilternating  curronts  in  iuldition  U>  tlusc  ii  ii\>f(>riniTs, 
-ti  [>-ilown  static  transfomifrs  arc  aUo  ri'(]uirf<l. 

An  illiHtiMtinii  iif   ,1  lot.iiA   (DiiMiiir  -iri>-~t.itiiiii  i-  in  I'it:. 

i  »"5'  wli'i'li  shows  thi'  intfiicf  ni  thf  l'>iu>lini  Mih-^t.iticii,  wiiidi  n- 
rt'ives  power  from  the  Stoke  municipal  t  U-ctric  system.  Tht>  Wcstins- 
hinisf  idt.irv  idin (  I  ters,  whii  li  ;irc  curiiiviiind  wnnnil  «itli  i  onunntatinn 
jMili'S,  havi-  a  (■.ii)a(.'ity  "i  •"»>  kilowatt^  i.kIi,  ami  ,iic-  ii^iil  with  thi' 
-tatic  transformers  seen  in  thr  liarkiiiouuii.  uhiili  iii.ur  ilnn  ph.i-i 
alternating  currents  at  b,m.'0  to  o.fxio  vuh^  anti  5'i  piiiml^,  whuh  tin- 
plant  transforms  to  continnous  currents  at  4(10  to  4(15,  470  to  5115,  uml 

Ici  t-'t  V()lt>,  the  tluTi'  iani;<>  ht  ini;  dlitaiiu  il  In-  l.ipjuni;-  mi  tin-  hiiili- 
Nultage  side  ot  the  tninsforniei.  llio  mtt  1  inrdiati-  n;;nlation  and  the 
jiower-factor  control  are  obtained  from  the  A.c.  booster,  whose  action  has 
1m, II  expliined  at  paL;e  ()7()  and  el-i-whcf,  and  from  the  field  rheostats 
which  are  ojierated  from  the  ]ullai- 
scen  on  the  riL;ht-liand  ~ide  ot  tin- 
ftt^ure.  One  of  the  handwhceis  at  the 
top  of  the  pillar  regulates  the  booster 
field  and  the  otlu-r  the  shnnt  field  ol 
the  exciter  referred  to  below.  The  in- 
struments are  an  ammeter  for  measur- 
ing' the  field  current  in  tli.-  >hnnt 
umdiiif,'  ot  the  riitar\-  and  a  voltineti-r 
with  a  two-way  switch  for  reading 
either  the  voltage  of  the  ex.  busbars 
or  the  voltage  of  tlie  exciter.  The 
I  lianf,'e-over  switch  on  the  front  of  the  pillar  is  to  allow  the  rotarv  to  he 
started  by  exciting  it  front  tiie  c.c .  bulbars  ;  with  the  switch  in  the 
nmning  position,  the  exciting  current  is  taken  from  the  exciter. 

The  lotari'-s  are  >npplied  with  ^ix-pli.i^e  1  urreiits  troin  the  traii'-- 
tonuers.  aii<l  can  be  Ntarted  as  expl.uned  eUewhen'  troin  the  alter- 
nating current  side  by  the  induction  motor  method  given  on  i)ages  (jgS 
.nul  tool,  and  bv  means  of  the  squirrel-cage  starting  motor  on  the  A.c. 
end  ot  the  shatt.  One  of  tlie  A.C.  pani  ls  is  -^hown  behind  the  near  ntacliine. 
It  carries  a  throw-over  >witch  tor  the  ^t.uting  motor  and  a  lo\v-\oltai;e 
synchronising  switch.  The  instrument  on  tiie  jianel  is  a  frequency  meter  ; 
above  it  are  two  voltmeters  for  the  >upply  side  and  the  rotary  side  re- 
spectively, and  above  the~i-  a  n't.iry  synchro-iojH-  >iu  h  a-  ha^-  ht  en 
described  elsewhere.  The  rotarie>  are  designed  for  inverted  iiinning,  that 
is.  for  being  driven  from  the  c.c.  side  to  supply  power  to  the  a.c.  niains. 
To  work  sjnootliK'  in  thi-  \\a\-  it  i-  loimd  de~ii,il)le  to  u--i'  a  dm  et-ron]i!ed 
exciter,  which  can  contiul  the  ^peed  and  -upply  the  mcri-a-ed  excitation 
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current  ih  .v^.ary  to  c.mnt.  r.u  t  tl...  ...IUu  ikv  ol  tl».  luavv  dmuKn.  tisinc 

currents  in  the  armatur...    In  brinRinK  a  nuu  hinc  int..  a*  ti.,n  it  i.  .,. . ,  >.ary 

lli.it  till-  voltaRe, 
Uw  lrLi|iU'ncv, 
am!   thi-  jihnM' 

-IlKllId  lie  (  Ml- 
M»tly  .i(lju>t(i|. 
Tin-  instnimcnts 
ftir  tlii-i  piir)>"»(. 
arc  iiKiuiitt'il  1)11 
till  A.c.  pant'l 
>iiii\vn. 

A  i^iMitl  idci 

"t        .1       IIPmI.  Ill 

iDt.iiv  tuincrttT 
^ul>-itati<>n  ran 
III-  ii|)t,tini  il  frurii 
l  it:.  I.  wliKli 
<h  \H<      tin-  in- 
tirior  ol  a  I'ort 
(ilasi;ii\v  snb- 
>t.iniin  uiiili  r  tlio 
<i'itno(k  Cuf- 
jioration  tlec- 
tricitv  .lipart- 
nitut.     Ill  the 
middle   of  the 
room     (111  1),' 
seen  111  It'  111  till' 
U  I  -.iiiii;li(iime 
rotariis  with  an- 
other almost  hid- 
<lin    lirhiinl  it. 
1  iiisf  luv  lacli 
ot     500  Av.A. 
I  .ip.ic  itv.  and  :ii.' 
I't    till-  >rll->vii- 
chrnni>mi,'  type 
rcltrnil    to  mi 

,  •    1  ^        ,  ,  .  -  P^'S*'  I.ODO.   I\.ll  |l 

liaseightpoh's  and  ISO  impound  wound.    Six-pha<,.  ,,„,.„.  ,t       ,1,   > 

50  peiiods  IS  M.{.plu-d  liuni  thr  W.stnif^housi.  tran>toniu  rs  on  the-  klt-h md 
side  of  the  room,  and  it  will  be  noticed  that  each  rotary  lias  its  own  trans- 
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l(,rmi  r  .md  rct^ulatinR  ii-.i-t.mi  t  .     Tin-  |il,int  Im-  .m  .Mil,.,!, I  (  iii.t. 
,.t  ^t)  pel  ciiit.  I«.r  thr»H'  niimiii  -  ,iii<l  tin  im11-1.mi1  (.\.  i -all  t  iin  it  iu a  i- 
<ij  iMf  ci'nt.    TIm'  supply  v<>lta>?f  fnmi  thi'  (irt  i  iLu  k     iirr.itinK  >tiili<'ii 
1-  10.51H)  volts,  till'  cum-nt  Mn^  larrud  by  two  thrr.-ci)r«',  u  i  m|.  in. 
( .ililos  which  l(M>p  into  altiTtiatr  siih-stations. 

\t  tli''  t.ii  i  inl  c'l  the  KM. Ml  il'ii;.  I  ;u(i  ,  .111  III'  -(•.•n  til.'  ^..lt.!.;^■ 
-^Mt^  lilxMiil.  and  on  the  liKlit-liaml  -iiU-  tlir  li>w-vult.in«"  ili-.tiil)ntni);  Icnli  i 
111  ..ml  with  thf  i  .e.  {wm-ls  for  tlio  rotary.  Tin-  switt  hgt-ar  w.w  matin- 
t.utiiH  'l  .mil  iii-t  illi  il  li\-  till'  liiitwii  1  11. .111-1 .11  l|i.ii-<ton  Colli,  .m\  . 

A  \i.  w  ..I  .1  -i:i|.l.iiililmL;  \.imI  -lib  -tation  mi  tin-  -atnc  >y>triii  i-  j^ivi  u 
1  1  I-  I  ^''1''  -li""-  the  -ul)-station  in  the  yard  of  Mts«.r>.  Win. 
H.miiltnii  and  (  litre  also  tlit-rt'  is  installtnl  a  soo-.tv.A.  lotarv  con- 
M  i  trr  -itiiilar  t<> 
tii.i-r  -Imwn  in  I  il; 
I  ,<'ti,  the  only  dil- 
ennce   b»-inK  that 

till-   .  .1  .    N'l.lt.lL,'!'  i- 
\  i.lt-.    'HiI-  -llll- 

-titi.O!  Iia-  taken 
:iie  pla<f  lit  yiMUT- 
.itinu  plant  which 

ll.lil  belli  ::1   il-i  m 

the  v.inl  li.i  many 
ve.irs.  The  fither 
I  liir!  -Iiipbuilditii; 
linn-  m  I'mt  (.ilas- 
liiiw  lia\c  also  re- 
placed their  gener- 
atint;  stations  either 
by  -iih-stations 
tlrawinfj  their  power  ttoin  the  Greenock  mains,  or  by  connecting  their 
plant  to  the  c.c.  mains  from  the  nearest  •  blic  sub-station.  The  whole 
ile\  cli.pnient,  wliirli  i-  as  recent  as  the  .-.ir  1(114,  ^^'""1  exain|)le  of 
the.  replacement  ot  small  private  installations  of  generatiiif,'  plant  by  the 
sn])ply  of  electric  jwwer  from  a  central  generating  station.  Tlie  capacity 
(.t  the  p  neratinK  -tation  in  this  in>tance  was,  in  1915,  11,300  kilowatts, 
,111(1  e\teii-iiins  were  still  being  made. 

I  hi  kinetic  transformer -ul)--tatiiin- en  (  ted  fi.r  the  recent  electrification 
of  the  London  and  S(>uth  Western  Kailway's  -uburban  system  are  also  ot 
the  rotary  converter  type.  As  expla-ned  elsewhere,  these  sul>-station.-.  ar-- 
-upplieil  with  thn  . -ph.lv,-  \ y.-.-.w.-v  ,it  11,000  vi»lt<  and  25  o ,  which 
is  to  be  transformed  into  c.c.  [lower. 

The  nine  sub-stations  on  this  system  are  practically  identical,  difii  riu:.; 


y't^.  I,;  ).— Sectional  Elcvstion  at  A,  1.  of  Kig.  1,1.3. 
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only  111  till'  luimlKT  i.f  m.icluiuA  iiisiulkd,  the  giiur.il  pl.iu  Uiiig  iis  slmwii 
in  Fig.  1,308.*   A  cross-sectionof  a  station  is  pivrn  in  Fig.  i .  J09.  The  sii  p- 

il"\\n  Irjii^fuini 
1 1-'       I'.uh  r<.- 
tar\  consist  ai  ,1 
bank    (it  thn 
separate  >n\^\< 
pliasc  tran-- 
loiniiT-.  witli 
tlitir  |piimari('* 
lilt  -li        1 1  III 
lucltil  aiul  bup- 
l>lii'(l    tiom  a 

lllII'l'-l>ll,l^Cl 

tllK'll^il  ,t  duul 

inf,'   l)ux  placed 
inuuediately  be- 
hind tlie  bank. 
.Mi'-t  (it  till  iii- 
taiiis    havij  a 
capacity  of  1,500 
k\.\.,    ,ih.l  lor 
'.'.nil     (>1  tlioc 
thric    5311  !:\\\. 
s  i  n  g  1  e  -  p  h  a  s  o 
transformers  arc 
supplied.  Each 
transformer  is 
wound    for  a 
stt'p-diiwii  ratio 
».t  10.750  to  445 
volts,  with  prim- 
ary tajipings 
;in(l  5  per  cent, 
ht  low  mid  abuve 
the  normal.  Two 
banks  of  these 
transformers  are 
shown   in  Fig. 

i.jKx  They  .  Beny  transformers,  supplied  by  the  British  Electric 
I  ransformcr  Company,  and  it  wiU  be  noticed  that  the  oil  tanks  are  fitted 

This  and  the  fi>llowing  figures  are  taken  from  an  article  in  Tie  Ele.  tricijn  tor  November  15, 

'9^5* 
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witli  cxtornal  ni.liating  and  circulating  pipes  of  the  kind  aln  adv  desei i!.r,! 
(w  j)a,t;es  ()! ;  and  ^zz\.  In  four  of  th.>  smaller  >ul>->tatiun,  the  rotaiir- 
arc  oiilv  ot  I,, MM,  /.v.A.  witli  cuiiv^p  .ndiiii^'lv  smaller  translormerv 

Tile  rotari,-  were  siipplii-d  l)y  the  Biitisii  Tlioinson-Huuston  (dm 
panv.  and  are  similar  to  the  machine  illustrated  and  described  at  pat;,  - 
07"  and  (jjS.  rh.'\-  are  lo-p  ,1,-  marliiiu-.  ninuiii';  at  k.ivm..  ami  air 
fed  with  six-i>!ias,-  eurn-iits  l.y  the  >tatie  transtormers.  J:;ach  machiiu 
is  >tarte(l  from  the  .  side  by  means  of  a  starting  motor,  whose  squirrel- 
cage  rtjtur  is  on  the  main  shaft  and  whose  >tator  h  i-  oiiK  .  iijlit  p  .l, , 
that  is,  one  pair  less  than  the  rotary,  in  order  tli.tt.  iiotwith-t.iiuliiig  tli.- 
-hp.  It  (  an  run  ilir  hit;  maeliinc  up  to  the  synchronising  si)eed  at  which 
It  (  in  I, ill  into  step  without  any  special  arrangements  for  synchronising. 
The  nu  thod  of  starting  is  that  described  at  page  OQO  (Iml'.  1,020).  The 
switchboard  is  referreil  to  on  |),e,'r  ijoi  aiul  I-Il;    r  ;o(,. 

As  a  final  illiivtratiijii  of  .1  rot.iiy  com  i  rter  siih-st.ition,  hig.  I,  jil,  from 
The  Klcdncuui  of  January  21,  i()i'>.  shows  the  interior  of  a  suVstation 
erected  for  the  recent  electrification  of  the  ManchesK  r  to  Hiirv  --ertioii  of 
the  Lancashire  and  V.irkshire  Railway.  This  >tation  transf,,rin',  o,(,oo-volt 
thnv-pli.i-r  A.c  .  power  at  period-  to  i.joo-volt  i  .e  .  power.  The 
rotaries  ar,  Dak.  Kerr  i.ooo-Aw.  machines,  each  supplied  by  a  bank  of 
three  .]5o-/;-v..\.  single-phase  transformers,  which,  as  in  tlie  prece(Ung 
case,  are  oil  cooled  with  .  xteni.d  liicnlatiiii:  and  r.idiating  j.ipes.  The 
illustration  .il,,,  -hnw-  the  st.irting  pillar  for  the  machine  placed  just  behind 
the  startum  niotni  and  between  it  and  the  transformers.  The  method  of 
starting  has  been  described  el-ewliere. 

Motor  Converter  Sub-Stations.  -One  of  the  advantages  (;f  tlR-  motor 
converter  is  the  >implicit\  of  the  starting  arrangements  from  the  alternate- 
current  side,  so  that  in  a  sub-station  equip{)cd  with  these  kinetic  trans- 
formers complications  on  the  switchboard  can  only  be  due  to  conditions  of 
distribution  on  the  continuous-current  side.  It  will  be  renu'inbcred  that  no 
step-down  traii>tormers  with  their  switchgear  are  required,  and  the  machines 
themselves  require  very  little  attention  when  running.  It  will  probably 
suffice,  therefore,  if  we  give  only  one  illustration  of  a  sub-station  using  th.  in. 

The  sub-station  selected  is  installed  in  .,ne  <,f  the  work>  of  Messrs^ 
Hadfield  s,  Limited,  the  well-known  steel  makers  of  Shefheld.  The  interior 
of  the  stati(jn  is  shown  in  Fig.  1,312,  in  which  can  be  clearly  seen  three 
large  Peebles  motor  converters,  each  rated  at  500  kilowatts.  The  line- 
voltage  at  which  three-pluKe  j  ower  i-  supplied  to  the  sub-station  is 
xi.ooo  volts  at  50  v/^,  anil  the  c.c.  voltage  is  maintained  constant  at  230 
volts.  The  thre?  switch  columns  in  the  foreground  contain  the  starting 
resistances,  whi.'li  are  inserted  j,,  the  rotor  ciiruit  a-  -h..wii  -eneially  in 
the  diagram  ir.  1  ig.  1,030.  One  of  the  switche-  on  each  column  is 
the  starting  swirch.  and.  the  other  the  synchronising  switch.    After  the 


!;i;;h-\<'lt,iL;i-  -tati'i'  -witi'Ii.  whii  li        ii'it  -Imwn.  In.n  clu-cd,  tlu> 

-Mt'tini;  >\\Ui  li  H  clii>ril.  {luttiui,'  in  .i  il  ri>-i~t.iui  i'  i>ii  tlu-  MUni  i  nc mt-, 
iindi'i'  wliiiii  the  machiiu'  mn^  up  to  tU.-  -\urliiMiiou~  --ihimI.  whuli  i- 
-huwii  by  till'  voltmi'ter  at  tlio  back  of  the  column.  Win  n  this  i-  ivachod 
the  synchronising  switch  is  closod,  short-ciiciiitiiiK  the  added  resistance, 
the  rotor  itself  Ix'inR  afterwards  sliort-eircuited  by  the  Rear  on  thf  ^h.ift. 


1:4.  1,112     M  1  T  I    :,\i  :U'!  Sim  -  .11.  .11  at  ! ».  H.i>:lle^il      l.ul.,  ShcHielil. 
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Sonic-  el  tlic  most  im])oit.int  di  tail-  in  coiiiitition  with  tin  i.iti'.n- 
peculiar  to  kinetic  transfornier  sub-stations  have  ahea<lv  hi  rii  lulK  <[< 
-riili.'il  ill  till'  (  haptcf  on  kinetic  tr,\ii-l' iinifi'~.  ami  t!u  -r  di -i  ii])tiiiii--  need 
imt  thcTftort'  be  rc])tatrd  iu  ir.    Ri  icrciui-  ni.i\'  be  iiiadi-  luiiif  c~pi  i  ially  to 
(i.i  Tiie  supply  ot  -js-plM-,'  current  to  rotarics  (page  u^h]. 
(ii.)  Starting  and  paralklinj;  (pagt>  <)<)4  to  looi  and  luiJi, 
(iii.)  Voltage  regulation  of  the  niaehiiio  (pam-^  looi  to  loodi. 
(iv.i  Iiwiitrd  luiHii       'f  rotarii>  ipau<--  looii  to  loo.S:. 
As  certain  titlier  operations  of  a  general  character  aiv  more  iniui  - 
nicntly  dealt  with  in  a  separate  sectiun  {scc  Section  iv.  iiifrii],  there 
132 
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"Illy  rim.in  lur  di>cnj)tiuii  luiv  -,,jiu.  ,,f  tlu'  tvim-.i!  l.^nii-.  .,|  -wit,  !,- 
IxMrds  (Ksipio.l  for  the  jn,miinil,,iiun  ..t  kiiutic  t.,.i,-l..inu  .  >ul.-t.iti..iw 
Switchboards.-  l-v.n  m  thi-        thr  full  tmitjiMit  of  ♦lu'  ^-witcliint- 
.m,.ii:;rj,u  Mts  ol  ^viuratiiig  >tations  almulv  given  at  pases  5KS  to  3-4 
Hiak.  -,  It  i.niuoessary  to  devote  imioli  space  to  the  d.  tails  ..f'the  -witrh- 
iHMids  and  their  acrr..,.,!,  ,  1,,  ,,,    In  tlir     paii,  l  "  i,„i!„  ,1  ,,1  ,  ,.n-tni,- 
tion  of  Mvitchboards  a  lair  mnnlHr  ..1  jmiuIs,  mkIi  a-  ■■|e.,U.r  '  i.aiuk 
synchronising  panels,  generator  and  motor-control  i>anels,  are  of  the  same 


5.!.-llid,  v,.lt:,gc  I'anels,  l.„.,clon  County  Count.,  r.amway,  Sub-slatio... 


Standard  constnictiun  |,.r 
A  few  further  illustration^ 


'iirratnr  -tation  md  lur  >i.b-»tation  w  ikinf,'. 
ot  special  typ.  s  niav,  liowevi'r,  be  of  interest 
I  lie  paiu  ls  used  m  the  motor-gen.-rator  sub-stations  of  the  London 
County  Councd  electric  tramvvavs  (s.v  pa,r  ij^-'  .niU\  an-  -l,„w„  „, 
f  in  which  four  tN-,.iral  l.ij.-voltap  pands  are  ranged  side  bv 

side.  The  .lu.gran,,  if  can  hillv  -tu.ii.,1  n,  cnn.vtion  with  the  section 
referred  to,  is  almost  >dl-explanatory.  On  the  left  is  a  high-^  (>lta«e 
feeder  panel  on  which  the  incoming  energy  is  controlled  ■  k  w  i^  a  w  ,tt- 
meter  induatnig  tl„.  p,,u,,  w'  „•],  i.  l„.i„,.  n-.vnvd;  and'A  an<l  v  are  an 
ammeter  and  a  \<.ltmeter  op.  rated  through  instrument  transformers.  Below 
are  the  signal  lamps  which  show  whether  the  oil  switch  is  open  or 


A'/.VETJC  T/CA.VSFOKME/;  Sl^/I  .■yrATJOX  fyoRA.yi, 


.1.-1(1,  .111(1  -till  lUltlid  ili  AMI  w  th.  .p.  Mlii;:;  Ii.iikII.-  . '1'  I'l.  ,  il  -wn.h 
with  its  tri\>pinf;  loil.  Tlic  ii  \  t  r^(  lUin  nt  i(  l,iy-.  cnc  "ii  i  .i.  ii  i  l  tlic 
three-i>h:iM'  inain-i,  arc  at  the  Ixittciii  "t  tlic  paiKl,  ,iiul  the  tiinc  limit 

MVrllii.ld  lil.l\        .It  the  ll'itt"!!!  i  it  tlli'  .li  Ij.li-i  lit  i  II 1 1  Vii 'Ullo  t  "I  IMlh  I.  \vlii(.'h 

1-  '.tlur\vi-c  -iinil.ir       the  |i  i(li  r  [miu!.    TIic  ii^  \t  ji.iikI  i-  l"i  the  --mi- 


I'U.  l,3l|.    ,".*it..it      .ir  ,     H.I  ,1     *   I   ■  i'..  in  t '  i  iiily  ( '.luiii  ii         -^l.u  n. 


I'lironuus  motor  gonorator,  and  llic  l.i'-t  oiu'  liir  an  induction  nintur  ;;int- 
rator.    Tlio  last-naiiu-tl  is  \  (  ry  -  inplc.  a-;  tlu'  sot  is  started  np  fn>ni  the 

(  ,(_.   ^i(lt■  nil   ,1    l('\V-\()lt,lL;i'    ]>,Llli  1   .llld   C.lll   lie   tlll'iUU   ell    tile   1 1 1 U 1 1- \ i '!  t .(  l;(  ' 

busbars  without  siKcial  s\  iKhroiiisint;  giar.  I'or  the  ^yn(  iircnou^  niot(,ir 
Renerator  such  gf  ar  has  to  ho  provided  for  the  motor,  whi<  ]>.  liav  iny  been 

hronulit  np  to  -\  iii  ]i'-un"ii~  Mnod  iIm-  i  .  u'l  iii  i.itnr  n-i-d  tdiU" irarily  as 
a  motor,  iiuist  have  it-  lu  Id  (  \(  it.iti' 'ii  j)iii]H  il\  adju-tcd  and  it-,  .umature 
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circuits  synchruiiiMd  bcfori'  tlic  oil  switili  (.m  i  (  .i-rd.  Thr  fi,M  fxrit.i 
tion  is  tested  by  a  voltmeter,  wliirli  i.  i..m|.,ur,l  witii  a  vcitnu  tn  uu  tti.- 

incniniiif:  main-.  These  voltmeters  are  on  a 
S'Winginfr  bracket  in  a  convenient  jxisition  on 
the  boarrl.  and  arr  bronf,'ht  into  circuit  bv  th. 
vi.itnii  tcr  i.lui^'v  sliowii.  I'll.-  s\  nchf..-,  (ipo  i-^ 
al-o  on  th.'  swinsini;  bracket,  and  i>  connected 
up  by  tlie  synchronisini;  ^Xw^.  The  small 
li.ind-w  III  .  1.  marked  "  Aj  .  Iield."  cntr.iK  :i 
rhec.-t.it  in  th.  <  ..  .  .  in  uit  .'1  th.-  In  1.1  niat,MU  I 
oi  tile  >\ ncliniuoiis  motor. 

The  portions  of  the  swit.  h-!,'.  ar,  bn-bar~ 
the  current  transform.  i>.  .  t.  .  .nv  i;i\.  n  f.  i 
a  "  li.i-.nunt  '■  v(il)--t,iiieii  111  1-i^'.  1,^1^, 
which  >how>  the  detail--  lor  th.'  i.^nnection 
of  a  hi;;h-voltai;e  motor  to  the  hitrh-voltage 


lin~b.i 


t!i< 


imien-i.'n- 


>tained 


apj.roMm.it.'lx  In.jn  tin-  i-ial.  whi.  li  is  .t;i\'en. 
111.  I'ji.r.itin^'  han.lle  lor  the  oil  switch  is  at 
the  Iront  .'f  tin   '-witchb. mi d  at  li  le.impar. 

and  tlu'  vari.'U-  ]Mit~  and  piec- 
■  t  apii.n.itn-  an'  .  l.-.iily  ni.iiked  on  the  dia- 
i;rani.  The  "  >hnnt  "  1 1  ,in-l.  ii  mer-  are  the 
voltmeter  or  poten- 


ti.d 
.ind 


t  !  III-!'  Tniel-- 


Main  Com* ALT 


th.' 


'-.  rif 


transfornuts  arethe 

aniniet.  r  or  .  nrr.  nt 
tran-h 'im.rs.  IJiPth 
these  s.'ts  i>f  trans- 
furmer>  are  on  tlu 
machin.'  >iile  (.f  the 
.'il  -w  it.  h. 
I  X .  tta.  k  "  fii'd.  r  " 


.\  i-tan.kud  lo\\-\.'llag< 
panel  of  the  same  system,  is  shown  in  Fit;.  i,.',r5. 
I  li' n  i-.  "It  thi'  p.m.  I,  ,i  .  ir.  tiit  lin.ik.  i,  \\\" 
amm.  1. a  douiili'-].!  i  h.nim'-ox  I'l'  -w  it.  ii,  and 
a  pilot  lamp.  I  h.'  -\  -t.  n\  i-  an  un.li'ri,round 
conduit  one,  and  the  circuit  break,  r  i-  .ti  the 
•\-  '  feeder,  the  netrafixc  bn-bar  beiiiu  p.  rman- 
.  nli\  1  .irthi  d  thn.n;;h  .iii  adiii-t.ibie  wat.'r  r.'-ist- 
an-'i'.  P.otli  the  .'••ii.hkt.>r>  in  the  c.'ii.luit  aU' insulated,  and  tli.  .  ii,mL:.'-..\ er 
switch  is  for  the  piirii..seof  changing  their  polarity  in  the  event  of  a  l)ud  earth 


Sn'JiCMBOAKDS  l.\  filXEilC  TSASSfOKMEK  SUB  sTA  riOXS  I  jCq 

fault  occuiiiiii;  "ii  tin-  -)-  '  ^\'\<  .  wiiit  ii  n-  .  ii.  uit  I'l.  .ikn.  l'>  :  t!ii^ 
purpnsf  till'  ti'p  and  bcttdin  ront.ut^,  wlui  li  arc  tlif  lui-h.ii  i  <>iit,n  t-.  .11.  ,1^ 
usual  cross-conniTtoci.  K<>r  rapid  tt'-itini;  piirjK»>fs  tlu  sc  inntai  t~  an-  duubl'-, 
I- -h.  i\vn  in  l-iL'.  i.n'i.    Wli.  n  t lir  knit.- ■  4  ilir  ~\vitrh  is  driven  lumif  it  lii  s 


i>.  !.,>:.    .  .i.v'.'  ....t.a  i .  I  ..-...'v .  .r  !  -.,.;t'.  \v...i.i .  i:..i'.->..y  ' 

betwevn  the  Ikxihle  main  ei.ntaft-.  and  i  "mu  1  i  the  i  .t  .  hn'  .  dn<  >  I  m  the 
busbars;  when  raised  ch'ur  nf  the>e  i  s^ntacts,  but  rtniainini;  Imwun  the 
upper  "  auxilia'  ruiit.n  t,  "  tii.  i.tdi-r  i-  lonncctid  t.i  th.'  Ini.'liars  ihtuugh 
a  fixed  metallic  re-i^tanl .  ,,1  5  ..Inns  and  a  testing  panel  nn  the  right  of 
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th.'  i-uml  >hmvn  111         i,-,i5.  ti„  ;,,:„!  th.  ,lit!,  i,  ni  pancK 

I-asMi.;,'  tlin.u£;h  tlic  tu!.,-  Mmu  i,  Im  !..«  tlu-  ciivuit  l.ivakir.  Tl.e  a-nmotcr^ 
<'ii  lli.li  iMii.  l  will  fl„  n  shuu  „i„  ilur  the  lault  is  .mlv  a  temporary  or  a 
permaiu  iit  ..m-.  and  if  it  l)e  the  latter  wiietlier  it  i>  '  a  had  earth  fauh 
or  not.  If  nut  an  earth  fault,  it  ,an  (urtli.  r  In-  .luieklv  ascertained 
wh.  tln  r  ,„■  ,i,,t  11  I.  a  ^li..it  circuit  l.rtu.vii  tli.  two  conductors. 

la  this  e..iin.,:ti,,n  attention  can  be  directed  to  the  cro'^s-'^ertinn  cl 
the  Lon.lon  and  Soutli  Western  Kailwav  sub-station  siiown  in  Fi  ■  i  :-ou 
on  page  1261.  in  which,  on  the  left-hand  side,  tiiere  an  Miowii  d.  tails'' ol 

the  switchboard,  of  which  a 
I)lan  appears  in  'he  corre- 
"pMiKliiif:  I'Mvitiuu  -11  l-ig, 
J  he  functions  of  the 
v  arious  jiaii,  U  of  the  switch- 
board and  their  seqm  nee  are 
1  learlv  shown  in  Tii,'.  1,308, 
and  it  will  be  noted  that 
the  boaril  is  practically  as 
long  as  the  station. 

An  eidarged  cross-section 
of  the  hi,i,'h-vokagi>  feeder 
i)anel  of  the  board  is  piven 
m  I-i^'.  I  , ',17  *  and  a  dia- 
i,naniniati(  tr,.|it  \i,.\v  of 
thr  .i^car  and  the  run  of  the 
conductors  through  the 
'  arious  sw-'tchinc;  arrange- 
nirnts  ar(>  t^ivt  n  in  Fig. 
1  ,',it<.  As  each  piece  of 
apparatus  is  clearly  marked 
"11  ihe-e  diaiiiaiiN,  the 
icider  will  ha\c  no  difiR- 
,   .     ,    ,  .  ,  '  "'tv  in  tracing  out  the 

(leM-n  l(>r  inmself,  and  a  minute  d.  scription  is  therefore  unnecessarv  •  the 
linncijial  dimensions  are  also  clearlv  marked.  The  switch-R.  ir  i'.  on 
three  levels,  with  the  cablr  b„.x,  s  i„  a  luw  baMin,  nt,  ab,.ve  which  on  the 
ground  floor,  arc  the  instrument  tiaiisf.nin.  rs ;  the  oil  switches  and  busbars 
are  on  the  next  floor,  whilst  the  busbar  ixitential  transformers  and  spark 
gaps,  nut  shown  m  Fig.  1,31;,  ate  on  tl:r  t-o  tin.  1. 

The  details  of  the  rotary  converter  panel  are  of  special  interest  and  a 
perspective  view  of  this  panel  with  two  adjacent  feeder  panels  is  given 
in  l  ig.  1.3 ly.    IhtTc  IS  also  given  in  Fig.  1.3J0  a  diagrammatic  elevation 

*  From  Tht  F.leclricitfi  of  Xovtmber  5,  191;. 


i.r.ia— Two  Higli-v..l[iige  and  tuo  i  ,.  Ke.lci 
Lomloii  and  Soillli  Wesleri:  Raikvay  Swilchbc 


I'.uiel, 
,rj. 


1 

1 

i 


SHCOX/'AKV  Ha/ rEK/KS  /.V  GEXKRAnXi,  .IA7>  Sl'S-STAr/OX< 


IJ7I 


(it  the  t'litl  Ml  tin  --witi  li!i.Mr.l,  -li.  iwiiii;  (!■  t,uU  tlii-  ii.un  1  with  tw.i 
c.c.  panels  alongside.     The  li)\v-\Mlta,i;<'  ?.witi  hi umiit  liK  .iki  i 


trr.l.T 


nstnimonts  are  mounted  on  the  front  of  the  lx)ard,  Imt  tin  lui;h  vi'lt.iL;' 


..il  -.uitcli  is  a  rciniitr  cnutiul 
II  (1       I.,;!/")  ;   eaeli  [ih.iM-  i 


Avitill  "pct.ltr.l  lUi  c  ll.LUir.lllv  \<V  tllC  ll.llvlli- 

ill  ,1  -  p.LiMtr  t.iuk,  th''  till'-'  pli.iM-;  hviiiL; 
>imiiitaiu'ou4y  closed  ur  oiiiiini  liy  "in  -  nii.  i  .iti.'ii.  tni  iuhl;  to  t  lie  lotiirv 
])a!i(i  tl'ig^-  I.3-OJ.  the  h.mdh'  ol  tin  oil  switi.h  w  -iiown  at  o  i 

with  an  A.c.  wattmeter  helow.    Above  it  are  the  indieatiiii,'  lamp<  r  i..  and 
•-till  liiijiicr  the  lo\v-v<ilt,ii,'e  .minirter  A,  and  tli.-  yw\  t.i.  t-n  m.  t.  i  r  i  M. 
On  the  otlier  side  arc  tiie  hand-wheel  K  ii  "I  the  ;i.M    .  ' 
rheostat,  and  above  it  a  field-current  ammeter  and  i 
1,1, 111  I  .e.   .imiu  ter.     P>elu\v  the  handwheel  there  is  a 

slil^'le-pole  lu  ld  suitc  ii  1-       ami  at  the  iKjtlom  lit  the  [j.inel 

a  c.c.  wattnieti  T.  I'liere  is  at  the  tup  of  the  ]ianel 
a  c.c.  fir  Hit  breaker  c  B  3,  which  will  open  at 
■,.ooo  amperes,  and  has  a 
I  r\ .  r-,  (  Ui  r,  nt  att.icliment . 
whil>t  on  the  lower  hall  ol 
the  panel  there  is  a  single- 
pole  j.ooo-.inipi  re  switch 
I  s  J.  It  is  inteiestini,'  to 
note  that  the  panels  are 
enamelled  both  back  and 
front,  and  that  all  small 
wiring  consists  of  b.ire 
copper  wire  sccuri'd  to  the 
panels  b\-  porcelain  cleats.     YAe  £/ectr,c-^- 

I'he  nej,M.ti\e  i.oiidiu  tor- 
from  the  rotaries  are  taken 
direct  to  the  main  bu.sbar,     Hx.  <. 
no  switch  beiiit;  iiitei po-nl, 
and  the  negative  feeilers  arc  taken  direct  to  the  negative  bu-^bar  from 
the  rails.    This  is  an  interesting  simplification  in  switching  arrangements. 

Ill — SKCOXDARV  BATTKRIES  IN  GKXKR.\TING  AKI)  SUB-SrAMoNS 

Thw  section,  for  cunveiiii-nc-e  and  com  isciir— .  i-,  not  conliued  to  ,  ond.ii  \- 
battery  sub-stations,  but  deals  bnetly  with  tlu'  whoK'  ^nbjert  ot  the 
position  and  use  of  secondary  batteries  in  electric  power  sdu-me-. 

The  nntstandiiiL,'  dutereiue  between  s<'coiular\-  balteiii's  and  other 
engineering  classes  ol  traiislormers  ot  electrical  power  and  energy  is  that 
with  a  secondary  battery  all  three  factors  of  electrical  energy— namely, 
current.  ;(|/^^A't■,  and  tniii  can  be  varied  as  between  the  input  and  the 
output,  whereas  in  the  other  classes  only  the  first  two  can  be  varied  {see 
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pages  5/-4  '/  ^v,/..  V..1.  I.i.    1„  ,,,i,,r  M.,-o,ul,u-v  Imtt.  rir.  ai,-  nwr-x 

transformers,  ul,,,,.,.  ihr  <tatic  an.i  kinetic  trai.stormcrs  ,U>cnb«l  ,„ 
tnapters  \  II.  ainl  Mil.,  .ufr.i)  are  only  foucr  iransformers.  The  latter  can 
deliver  power  (,iilv  during  the  time  in  which  thev  are  nreiviiii;  it  whn,,,, 
secondary  batteries  store  th..  enoi^v  (as  nur^y  o/ c/u'mu,,l  s,p.,r.,l,on.  .cc 
JM...  \     ,,,,,1  ,vit!iin  the  limits  .,1  their  capacity  and  efticiencv 

I. Ill  .i.hver  It  a.  and  when  required  at  any  future  time. 

Advantagres  of  Secondary  Batteries.  A  fundam.ntai  a.han 

fage  „t  the  <,ron,l,,rv  l.attrrv       t!,.,t  it  n.-t  n,,„nv  tin-  merssant 

and  cuntmu„u>  attn,;,n„  uh.,i,  na.^t  he  pven  to  runnii.K  machinery 
.  ,all\  -t.Min-  or  Ka,-,lriv,'n  machinery,  witli  their  ancillary  *team- 
i.u>.nf,'  or  Ka>-f,'..neratinK  plants.  It  >  an  theretnre  take  clun-r  ,.|  tl,,. 
on  a  KeneratinK  station  or  a  sul.-.tatio„  .hirinK  the  perio.ls  of  light  load 
u.tl,..ut  n  ,|„,nn.-  the  ,.tt,  ndan.v  ,,1  a  lull  >h.ft  of  men.  and  thus,  although 
a>a  t,an,lnrni,  rit  k  nut  particularly  ethcient,  its  use  in  many  ptartiral 
case.  1,  a.l,  to  a  reduction  of  operating  charges,  not^vithstanding  the  eneruv 
wasted  m  the  .ran4.,nnati,,n.  T!,,,.,  as  ue  have  already  se.n  m  the 
rlmpter  on  generating  stati„ns  (pa,,  .  5  to  5J4,,  the  use  of  a  battery  for 
takim^  the  night  l,.ad  m  a  i-ar  ular  instance  in  .Alanchester  allowed  the 
running  machinery  to  be  shut  down  imni  ii.io  !■  m  t,,  o  \m  con- 
siderably reducing  the  wag.  s  bill  and  liavir.,  ,,ther  adxantages 

Anoth.  r  Jun,  tiun  ,,f  a  M  .  undarv  batterv  n,  L^.  ueiating  ,md  sub-station 
working  IS  to  take  oy.  r  the  "  peak    load,  and  thus  to  reduce  tne  amount  of 
running  maclunery  to  be  installed,  and  to  raise  the  load  fa.tor  011  the 
machmerym  u-e.    1„  the  instance  .d,„ve  rei,  n,  d  to  th.  maximum  load  on 
the  generating  plant  ^^as  reduced  from  ii.oou  kil.nvatt..  to  S,6oo  kilow.itts 
a  reduction  ot  22  per  cent.,  whilst  the  load  factor  was  increased  fn.m  ^  -  per 
rent,  to  4J-5  per  cent.,  or  by  more  than  .  .nr-thii d.    These  li^un-  ai    ,„  .t  at 
all  exceptional,  and  the  cumlitions  cite,!  ,pnt,.  commonly  occur  lu  i>ractice 
In  nunula.  tnrmg  works  the  b.itt.u-  h;,.  also  been  found  useful  in 
deahn,  with  the  jieaks  of  a  tluctuating  I.m.I  >o  ,,lten  met  with   a.  w.^l! 
as  in  .v,lucing  the  running  of  the  generating  j.lant  bv  taking  .n,  a:  h,mr 
loads,  mght-.hilt  lo,„l..  ,n„l  w.-.k-,,,.!  ],,a,ls.    In  a  certain  ca-,^  wh,,-  -  a 
thorough  t,  St  was  ma,!,  ,  the  saving  in  fuel  alone,  by  so  utilising  a  b.,tt,.ry 
amoimt.'d  t,.  nearly  .;„  ,Hr  ,,  nt.,  due  chiefly  to  the  nnayoidabi, 
extravagant  expenditure  of  fuel  at  periods  ,.f  \ ,  rv  li-ht  !,,el 

Similarly,  on  a  traction  syst,  ,,,  ,l,e  s,r„u,l,u  v  battery  ,  an  bo  designed 
to    ak..  .har,',.  ,,f  the  load  of  th,  lat,.  an,l  the  early  morning  traffic  a. 
well  as  the  service  of  the  car-slied  during  tl:e     off     hours.    I„  u,, 
efficient  combination  W(,ul,i  app.ar  to  be  t,.  put  down  a     neraling  ,',1  uit 
capal_.le  ,.1  ,!,.ahng  with  tl„  l,,a,l,  an,l  h.ic  an,l  stra.lv  tin.  .„  'n.,.,^ 

Hi  It,  a.iu  to  a.iange  lur  tlie  secondary  l.attery  to  deal  with  all  .hort- 
period  fluctuations. 
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Disadvantagr6S.  -To  ai(i>nij)li*h  tlir-f  .mil  otlicr  timiiH-frinK  <'i-i.n(>mies 

It  I-.  I't  i  i'iii-r.  ni  l  I  tli.it  It  lir  |n>— iM.'  ti'  in--t.ll!  h.ittriii  ^  uliii  li 

AW  i  .i|>.ililc  ut  L;i\inu  .III  mitjiiit  r. Mup. ii.il ilf  with  tli.it  .  I.  .it  li.i-t.  ,i  iii.'ilrr- 
.itfly  f;i  ii(  r.itiiii^  i>lant.  \■^^x  in^t.iiu  in  tlic  M  im  In  -tt  t  « .i^i-  rt  ttTred 
ti>  .iIm'Vo  the  b.itttTv  tor  a  >liort  time  at  U-a-t  \va^  l  alUd  upon  t.>  ^ivf  J,4<x> 
kilowatt-*,  and  nnlt'-;s  it  coiilil  liavc  doiif  thi-*  it  c  imM  \\i<x  h.w  f  t.ik-'ti  thi' 
;i.  ,ik  liMil.  .\--  .1  in.itti-r  ot  l.ii  t .  1 1 1,11 1 \  h.itti  III  -  1  I.I \  i  1114  -11.  !i  1  1:1.  u'l  11.  \  "iit - 
jiiit^  li.ix f  hii  n  iiccti  (1,  and  \vc  ^liall  jn  1  -i  iitly  dt^ri lix-  one  1  'i  two  ol  tin  in. 

Ltiriii'  Sizi-  and  Xiimhcr  i>f  Ci  lls.  Tlic  drtails  of  tlit  ir  con^trni  tion,  how- 
fViT,  iv\\-al  till'  oiitNt.iii'Iinu;  dilr.  t  nt  tln'  ^tcoiid.ii  \'  li.ittns  n.iinrlv. 
till'  lari;r  -y/\'  of  tin-  iii-.t.ill.iti' 'ii  i  ■  imp. 11  id  wuii  tin  p.  u.  1  win.  li  it  r.r.i 
iMiiillr  and  tlir  1  ill  iu;\'  it  1  .m  -toir.  Tin-  i~  iln.-  t"  tW'^  tiiiuliini  ntal 
t  har.ii  tcristii  s  ol  all  st'condarv'  it  ll>,  tlu'  lii^t  In  ins;  llir  low  xnlt.im'  <f 
indivi<lual  Cflls,  wliicli  is  oiilv  al)oiit  two  volts  in  tlic  Kad  -ciond.irv  cfll, 
:uid  >tin  k'ss  in  the  Mili-"ii  .•■11.  Tlir  liniil.mu  nt.d  <.iii~r-  m|  tliK  low 
voltage  have  birn  liill\  cxi'laiiud  in  \'ol.  I.  (vl  'L;r^  151  to  13;).  Tin; 
effect  is  that  to  obtain  evin  the  lowf.^t  volta^'cs  >av  loo  or  joo  \olts — 
tiM'd  ill  iiiodiMi  1  nL;in'  t  i ini,'  wiak.  ,1  uir.it  niiinbi  r  of  cells  in  -  must 
lu'  t.ikni.  rill'  -11  "lid  iiiilortnn.iti'  •  h.ir.u  ti  ri--tic  is  the  low  niiii  iit  drnsity 
.it  the  ^urt.ii ot  the  jil.ites,  wliit  li  .done  is  pos-ible  it  eltiririit  work^n^  is 
to  be  obtained.  This  i!eeessitate>  that,  combined  with  the  low  vulta,s;es  just 
n'ferred  to,  very  lari;e  surfaces  niiist  be  provided  bv  the  ])l,ites  iif  the  in- 
.|i\idu,il  (ill--  if  till-  'Itrtiic.il  pnwii  iirn~^,ii\'  to  ,11  ■  oinpll-h  thr  .ilio\i-- 
nanied  objects  is  to  be  de\eloped.  It  thus,  not  oiiK'  imi>l  the  1  1  11>  be 
nianv,  but  also  the  >ize  of  the  individual  cells  lar^e,  and  conse<juently 
their  Weight  hea\  \'.  it  lolluw--  th.it  a  seconii.irv  battri\'  i  Mp.ibli;  of  -iNiiii;, 
^.ly,  i.ouo  kilow.itt-.  ,it  joo  III-  .(111)  voltn  lor  two  01  thiie  hours  only,  is 
a  large,  nia»i\e  and  r\pri!-i\r  iii-t, illation. 

Nixcssity  for  KiL^iiLituni.    \\\n\<  -uniniari-in«  defects  there  is  uiu: 

■  ither  point  to  which  attention  must  be  drawn,  and  which  will  become 
.ipp.ireiit  on  an  iii--]ii  1  tion  ot  the  cliaiye  .md  di~rli.n;;r  rui\i-  i;i\\n  m 
l-'igs.  1,074  to  l,t)7(j  (<n(/t  i.  This  is  the  >erious  peictplaf^e  Ihictiiations  of 
voltage  of  indivithial  cells  (at  constant  current)  between  the  lowest  voltage 
jienni— -ible  at  the  end  of  a  di-ch.ii ur  .ind  the  higliest  \o!t.iL;e  ni  cr-~.ir\'  to 

■  cm]>lite  the  jieiiod  ol  eh.irue.  SlU  h  llnrt  nations  of  volt.ii;.'.  whirli  ,\\<-  otti  n 
-iimilt.iiieou^K-  iinrh  :  1;' •n>'  b\  .I'l  tin-  1 1  IN  in  --erie-i,  iin  1 ->it,it.- >•  iiii''  iil;u- 
l.iting  ilevice,  which  should  prelerably  be  automatic,  by  which  the  voltage 
of  supply  and  distribution  can  be  n  i^'ulatrd  and  kept  constant.  Two  such 
methods  of  ri  L;ul,iti"n  h.i\i-  lu  i  n  i  .m  h  \videl\-  einploved  n.mii  K'  ;  ,1.;  tin,' 
aheration  of  tiie  number  of  cell?  in  the  battery  by  cutting  m  or  out 
t!ie  "  tiid  ccHs  "  ;  and  (ii.)  the  n-e  ct  positive  and  negative  "  boosters," 
either  automatic  or  h.md  regulated.  Di  t.iiU  of  tln-e  methods  will  be 
given  alter  the  de^cril)llon  of  a  few  typic.il  li.itteries. 
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Batteries  in  Sub  stations.  In  <>idrr  th.it  cmr  nadirs  m.iy  form 
some  idea  ui  wliat  .suili  Mconilary  hattfric,  arc  like  in  practice  wv  sekct 
from  a  liirpe  mimbor  of  available  exampl.  <  a  ftw  cast  -;  wliidi  may  l)e 
regard. (1  .i-  tvpical. 

The  lir-,t  IS  a  i  oniparati\ t  ly  small  h.itti  ry,  but  v.  ry  ui.  rly  in-tallfd, 
n  till'  (  Moa  w.)rk^  of  Messrs.  Kowntree  and  Co.,  at  S'ork.  The  f;onc- 
ratiufj  plant,  partly  steam-dri\-.  it  ami  ]>a  i;a-.li  iv,  ii.  h.i-  an  output 
of  about  i.fKH)  kilowatts,  ami  \v..rk-  at  It^  on  a  p.iw.  r  .in.l  a  li^lit- 

iriK  l.Mij.    The  l),ittcrv  sh.nvn  in  I'lt;.  consists  of  112  ** D.P."  cells, 

and  the  maxinuiui  discharge  rate  is  Smt  atnpons  fur  one  h.iur  down  to 
a  final  pressure  of  lo)  volt-,  or  17J  volts  per  cell.  The  regulator  is  an 
antoniati.-  r.  x-.T-ibl.'  bn.wt.  r.  wlii.  h  i-  n.  . .11  ilv  in  an  a.lj.iiniu;,'  nmni. 
J  he  1.11-  ar<>  in  wo.mIi  u  bo\e-,  arranjjed  m  l  .ur  row-,  all  on  the 
same  level,  and  the  method  of  mounting  should  be  tioted.  The  boxes 
rest  each  ujion  four  in-ulators  on  Iunu;iiu.iin,il  hi.ir.r-.  wlii.h  in  th.ir 
turn  rest  upon  doul..'.  tr.in-v.  iM-  b.  ar.  r-,  the  l.iwer  ot  win.  n  rot-  .m  the 
floor  atul  supi>orts  tl,,  npp.  r  ..n  insulators.  The  series  onne.  t.irs  between 
adjacent  rows  may  al-o  be  noted.  Tor  reasons  given  elsewhere  the  batt.  rv 
is  in  a  sp4rial  room  reserved  for  it.  In  this  case  the  room  is  plea-antlv 
desit;neil. 

'Ihe  mxt  e.\anii>le  is  one  in  wiii.  Ii  the  demand-  on  the  battery  l>y 
fluctuation  of  lo;id  are  probably  much  more  «e\ere.  as  it  is  installed  in 
a  steel  w.'iks  n-ing  ab..nt  tw..  iinndr.'d  lUi.tMi-.  . -at iii;,'  .(.....o  n.ir.p 
at  full  I.M.I.  ,in.l  ni..-tlv  >.  ri.  -  \v,.un.i.  win.  h,  it  m.iy  l>e  recalli'd.  leads 
to  heavy  -t  iriin-  .  urn  ni-.  l  li.-  \v.>rk-  are  those  of  Messrs.  David  CoI\-ille 
and  Sons,  Limited,  at  Dal/ell.  Tli.-  battery  r.iom  -ii..\\n  in  l  i.,'. 
contains  114  cells  of  the  "  Chloride  "  acrumukitor  t\ p.  .  li.i\  ing  a  di-eharge 
e;i]i,nity  of  i.Kio  amiur.-  for  one  h.inr,  t]u-  reL;nl,it<.r  In-ing  an  Entz 
booster  page  1^911.  These  cells  are  also  in  wooden  boxes;  each  con- 
sists of  twenty-nine  plates  of  the  chloride  typ(>.  each  cell  weighing  about  i.i.So 
11)..  ni.iknig  th.  \v.  i:,'ht  ol  th.'  l>.itl.  r\- ov.'r  (V.  f.n-.  Tii.-  individti.i :  ,  ,-lls 
re-t  njion  m-nlators,  an.l.  a-  in  the  previ..us  ca-e,  the  cro-s  bearers  are  also 
insulated.  The  n.  arest  cell  in  the  picture  is  the  — end  cell,  and  the  very 
substanti.d  leads  which  carry  the  current  to  and  fmin  tin-  battery  should 
be  noted  rising  vertic.dlv  ir.'ni  the  -ub-tanti.il  . .  .inii  .  t.  ir  bar. 

The  m-.\t  ex.mipl.'  -.1. .  ti  .l  is  connect.  .!  with  ti.i.  tion  work,  and  is 
a  view  in  Fig.  i,3J3  of  a  battery  room  on  the  Liverpool  U\  t  -heail  R.iihv,i\- 
system.  In  this  room  there  are  two  750  A'W.-hour  batteri.  s  of  tli.-  w,  II- 
known  K.  l\  S.  tv]).'.  Tin  -.'  b.itt.  rie-  at.-  n-.  .1  a-  e.pi.di-.  r-  ..n  th.'  tln.-- 
tuating  l.iad  inseparable  in  railway  work.  Each  battery  consi-ts  ot  .'48 
cells,  and  each  cell  contain-  twenly->even  pl.ites,  of  which  the  i  ;  -|-  ' 
ar.'  .if  till'  I'l.mte  typ.'  d.'-crib.  il  I'lsewli.  re,  e.i.-h  i>Lit.  weit;liing  ji  lb., 
and  the  14  —     aiv  of  the  li.  1'.  S.  l.itti.-."  type,  each  weighing  14  lb. 
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•  •aril  l),itfi  r\-  hriii^'  (  h.iru.  il  -.r]).ii .itdv  1>\-  iiiciii^  i.f  an  auxiliary  bousti  ;• 
ilrivcii  (iff  till'  hu-har-,  an.l  tlif  normal  iliari^in^  rate  luin^  JOo  aniixr.  ^ 
iM  twtrn  a  ininiaiuMi  ui  175  ami  a  niaxnvium  of  jqo  anipert's.    Tlu-y  ar 
dischargoil  in  jiaralU  l  with  the  genorators,  tin-  n  gulation  lu  inj,'  i  ffVrti 
bv  0  end-cells  m  1,'ruups  of  i,  and        Ti)i>  nu  tli(i<l  of  rf.i;nlati(in  1- 

I'Mihahlv  now  n  i)la>  i  il  liy  an  aiit.  inatic  n  vcr-ihlc  booster.  The  discharge 
(  urrent  varies  from  <  150  amperes,  at  the  one-hour  rate,  to  150  amperes,  at 
the  ten-hour  rate,  the  capacity  of  each  battery  at  the  latter  rate  bein:^ 
1,500  aiiiiirre-liours  with  a  '  .ih,ii,'e  ilrop  (l(jwn  to  i-S  volt--  pir  cell. 

A  Larg-e  Battery  Sub-station.- We  >li  ill  conclude  thi>  >ectio:i 

with  a  brief  de-erii)tion  of  the  batterx  -nb->tation  and  the  battery  erected 
and  installed  for  the  Metropolitan  Klectric  Suppl\  Company,  in  ICagle 
Street,  Holborn,  London,  which,  when  installed,  was  one  of  the  largest 
battery  -ul>--tations,  from  the  jioint  of  \ie\v  of  output,  m  this  countrv. 

The  l)atter\-.  shown  in  1-ig.  i,jJ4,  was  supplied  by  the  Chloride  Electric 
Storage  Company,  whose  productions  have  been  referred  to  in 
("hajiter  IX.  It  cop-.i~ts  of  no  (  (  lis,  ,  aeli  eontainin.i,'  5  5  plate-. 
_>()  _[_  and  _7  —  ,  e,u  h  jilate  bt  ing  j^U^  in.  Jong  and  10^  m. 
wide,    the  being        in.  and  the  jV  i,,.  thick.    Eaih  -|-'- 

plate  weighs  90  lb.,  and  the  discharge  surface  of  the  -\-  for  eaeii  ct  11 
is  very  nearly  2;o  si],  ft.  The  rate  uf  ^lix  liarge  is  i.joo  amperes 
for  ten  hours  or  b.ooo  amin  re-  lor  nne  li,,iu-.  The  current  density  is  there- 
fore 4  .5  amperes  per  sipiaie  toot  at  tlie  ten-hour  rate  and  iz  i  amperes 
per  scjuare  foot  at  the  one-hour  rate.  The  battery  can  also  stand  a  dis- 
eharf^'e  of  15,000  amjieres  momentarily  and  ij.ooo  ami)ere>  for  one  minute, 
the  latter  ,i;i\ ini,'  the  high  current  denMt\  (.f  44-4  amperes  per  sijuaie  foot. 
The  — '  ])latt-  weiL;h  41  11).  each,  t  xcept  the  end  plates,  which  only  weigh 
J4  11)., and  the  total  weight  of  plates  in  eaelicell  is  therefore  45.'  lb... rover 
\\  tons;  the  weight  of  each  cell  complete  with  acid  is  then  fore  0,080  lb.,  (jr 
ju>t  over  2  tons  14  cwt.,  and  the  whole  battery  weighs  .ibout  _;oo  tons. 

With  such  a  weight  to  be  supported  the  foundations,  insulators,  and 
carriers  have  had  to  be  carefully  designed.  As  seen  in  Fig.  i,.j-'4,  each  cell 
re-ts  upon  tweh  e  cla-  insulators  suiiported  b\-  si.\  loiigiludinal  b.  anis,  which 
.ire  in  their  turn  borne  by  short  transverse  beams,  each  restuig  upon  four 
strong  glazed  earthenw.ire  insulators.  The  latter  rest  upon  special  bricks 
and  concrete  foundations,  and  the  floor  is  finished  with  acid-proof  asphalte. 

The  connectors  from  one  row  to  another  can  also  be  seeti  in  I-"ig.  1,324. 
Each  connector  con-ists  of  four  copper  bars,  each  4  in,  by  \  in.,  set  on 
edge  with  air-spaces  between,  the  cross-sectional  area  being  thus  i  s(]. 
in.  of  copper.  The  bars  are  suspended  from  the  ceiling  by  iron  rods 
with  globe  strain  insulators  (,<(<•  paye  1402)  interposed. 

The  battery  room,  which  is  in  the  basement  of  the  sub-station,  is  ven- 
tilated by  two  motor-driven  fans.   One  of  these  draw-s  air  from  the  outside 


awoodt  n  trunk  fixtd  to  tlic  iciliin,',  ami  (li>cliarp's  it  at  the  top  of  tho  building,'- 
The  switching  and  machmci y  room  is  ovtr  the  battery  room,  and  is 
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-hiiwn  in  Fis,'.  i,.^-5  with  tlic  hodstiis  in  tlu'  tori  fjroiind  and  tlif  switih- 
iMi.irds  ill  till-  bai:k^ri>und  and  at  the  sides.  TlicrL'  arc  twi)  v.xx.  boostfr 
-i  ts,  one  behind  the  other  and  each  ciin<istini;  c.f  a  drivint;  motor  in  the 
niilillf  with  two  boosters  mi  t'itli<  r  ^-idc  I'ln  ir  i-  \\i<  i m  iter  in  tlif  set 
I-.  th<'  boosters  are  separately  excited  Ironi  the  jio- J4o-volt  bn>bai>. 
Kach  booster  can  be  made  either  or  — and  can  give  a  biM»st  in 
eitlier  direction  of  i,8oo  amperes  at 
107  vohs  continuously  or  .?.ooo 
amperes  at  10  volts  for  oni'  limir, 
its  maximum  output  being  there- 
lore  .50  Aw.  The  efficiency  of  the 
!ioii>ters  varies  from  f)9  jxr  cent,  in 
the  former  case  to  50  per  cent,  in 
the  latter.    The  motor  of  each  set 

.^ives    115    B.H.P.   at    210-240  \iilts 

in<i  500  K.i'.M.,  and  has  an  -tiicienoy 
nf  ()i  per  cent,  at  full  load.  Its 
-tarting  panel  and  switch  t; vr  are 
seen  mounted  on  the  b'' 

The  feeder,  inst:  and 
other  panels  of  the  iuiard 
behind  the  machine  .  '  milar, 
with    minor   dilferences.    to  those 

[escribed  el-ewhere.  There  are  two 
h(Ki-ter  and  battery  boards  on  the 
right  and  left  respectively,  one  for 
-|-"  boosting  and  the  other  for 
—  '  boosting.  The  —  '  switchboard 
is  shown  in  Fig.  1,32b.  It  carries 
two  3,000-ampere  switches  for  Nos. 
I  and  2  boosters  respectively,  and 
one  M.ooo-ampire  battery  switch, 
four  voltmeters,  one  recording  volt- 
meter, and  one  recording  ammeter, 
earned  on  the  -|-  '  board. 
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The  recording  energy  meters  are 


nr.  (i.). — SECONDARY  li.VIlEKY  KKi  .1       1  H  IN 

The  object  aimed  at  in  the  regidation  of  a  secondarv  battery  in 
nmdern  svstenis  of  electric  power  generation  tr.insmi---iiiii  .md  iitili-atii'ii 
is  to  ensure  that  the  P.n.  at  the  battery  terniuials  sludl  remain  < onstant 
whether  the  battery  is  being  charged  or  being  discharged  and  whatever 
he  ti!    niaenitude  of  the  cnrrmt  n.is^iiiL;  throui,'!!  it  i  xjilaiiied  dii 

page  127J,  the  three  chief  methods  employed  are  (i.)  end-cell  regulatit^m, 
13S 
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buoster  "  regulation : 


(li.)  iMi(l-cv]l  and  Ix.'.-tiT  r.'j^iilatinn,  and  (lii. 
examples  of  each  luetluxl  will  now  be  given. 

End>cell  Begrulation.— This  method  of  recnlati.  ri  wm?  once  very  ex- 

■'//t  WSHI^HH^HI^Hi  UM'd.  ev.  n 
KJJaA  Wl^^^^^^H^^^HB  lar^e 

batterit':- ; 
but,  let 

re,i-()n<  til 
be  yiwn 
presently, 
it  ha>  l).',n 
largely  dis- 
placed by 
the  luetl'.- 
udi  refer- 
red to  un- 
der (ii.).  It 
is,  ho w - 

e\rl.  >t:ll 

quite  u>e- 
ful  in  small 

priwitrand 
in  self-eiin- 
taimd  in- 
stallatiiMis, 
and  in  spe- 
cial ca-es. 

The 
m  e  t  h  o  ti 
(L  a Is  with 
the  rise  of 
%  ■  o  1 1  a  c;  e 
d  u  r  i  n 
ch.i.rg''  (<tr 
Fig.  i,07C>) 
by  cuttinij 
out  step  by 
-■tep  1  iiK'  I 

mure  of  the  ,  .  lis  .It  oni'  (  nd  of  th.-  battery  as  the  average  voltage  per  cell 
incre.is,  s  and  with  it  th.'  t.tal  voltage  of  "the  battery.  On  the  other  hand, 
wlu  the  battery  is  di-.  ii.Hj^iim.  hum  .  spcciailv  towanis  th.'  vmi  I't  iln- 
discharge.  the  fail  in  voltage  of  individual  culs  \s\v  I'ii;^.  1,074  and  1.073) 


niul.'i.iar.!  r.r  F 
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li  loinponsatcd  bv  iutH'ilm  iiii,'  >tt  p  by  sUp  additional  nil.-;  at  the  end 
of  the  battery  into  the  lo.id  circuit. 

The  removal  and  intrcniuction  the  cells  can  b-  made  aiitmuatic  by 
mr.uw  i  f  I  li  ctm  iu:ii,'i!>  t^  ot  of  motors  cuiitrollcd  by  V(.ltag"^-r<^'ulated 
rciav:^  ;  I'lit  such  mctluiil^  .iie  not  now  lart,'t  l\-  \i-fd,  and  we  do  not  pro- 
pose to  describe  tluiu.  Hand  n  uiii  iti. lu  i-  Mitin  imtly  convenient  for 
nio-t  cases  now  dealt  with  in  practice  by  this  nuthoil. 

A  stan<lard  type  of  switchboard,  as  manufactured  bv  tlie  funeral 
Ivlectric  r()ini)anv.  of  London,  for  ]ilant>  up  to  \z  kiI"\\Mtt>  output  i-^ 
>hown  in  Fig.  i,J-7,  and  a  diagram  of  the  conunti  'ii^  L;i\  n  in 
l  i^'.  1,328,  which  shows  all 
ih.'  connections  for  a  self- 
contained  domestic  hghting 
plant  from  the  generator  to 
tlie  glow  lamps.  At  the 
bottom  of  the  board  (Fig. 
i.-^zj)  is  the  main  p.p.  switch 
flanked  on  either  side  by  a 
pair  of  fusible  cut-outs  and,  a 
little  higher  up,  by  two  s.P. 
switches,  the  one  on  the  hit 
being  a  throw-over  switch 
with  two  working  position-^. 
Tlie  two  outermost  fuses,  one 
on  either  >idf.  prottct  \Vv^. 
1,328)  the  dynamo,  and  the 
two  innermost  protect  the  load, 
.if  lamp,  circint.  the  latter 
circuit  being  controlled  by  the 
D.p.  switch  s„.  wiiich  is  directly 
in  tlv  lamp  circuit. 

Hrtween  the  two  s.P.  switches  there  i<  on  tlie  board  il  ii,'.  I  ',-'7)  an 
•lutomatic  switch  c,  and  higher  up  are  thr  two  uniUiplc  (  nm.iet  ii  i,ui.itn'g 
^witches  (Ki  and  in  Fig.  1,328),  which  cut  liie  en<l  cells  in  and  out. 
The  ccrre-ponding  multiple  contacts  rf  these  switches  are  connected  bv 
lni>!Mi-  1»  i|!nd  the  board,  tiir  lop  bar  .md  it>  enntait^  \<i  \v^  i..iniiit'cl 
t,,  the  —  '  pole  of  the  la>t  cell  of  the  battery.  'l  li<  le  aiv  Iivr  .ithi-r  p.urs 
of  rontacts  shown  in  Fig.  1.327,  and  the  voltage  between  succt-i-ive 
.  ..nt.e  t^  niiy  be  either  ::  or  4  v>ilt:-.  ,ir(( irfliu','  t.i  tl;.  iiui',!' .  r  i  t  i.  ll- 
interpo-ed.  Fig.  i.j-S  ?hows  an  nitti\-,d  i  l  two  c  1  win.  li  WiiuM 
correspond  to  an  average  P.n.  between  the-e  auxiliary  l)Ur.|)ars  of  4  volts, 
thus  giving  a  regulating  range  for  s-i.x  pair.s  of  cuntaet  s  ol  about  .:■)  voltv. 

Above  the  regulating  switches  arc  the  mea>uring  in-trmnents,  com- 
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pnsing  a  vnltmct.r  in  tiie  middlr.  Hanked  on  .  ithtr  vid,.  by  an  air.mctpr 
that  on  th.'  left  showing  the  dynamo  curn-nt  and  tliat  on  tlic  rif,'ht  th.' 
current  llowmg  to  the  multiple  switch  r^.  the  continuous  arc  o{  wi,ic],  i- 
directly  connected  to  one  side  of  the  ln,„i  tlimui^-h  on.-  arm  of  th. 
n.P.  switch  s„.  Beneath  the  voltmeter  v  i>  a  small  three-wav  DP 
vo'hn.  t.  r  switrli  by  which  the  voltmeter  mav  he  made  to  measure  sepa- 
rately (I.)  the  p.D.  of  the  dynamo,  (ii.^  the  i-.n.  betw.en  th.-  arm  of  k 
and  the  +  ■  end  of  the  battery,  and  (iii.)  the  p.d.  between  the  arm  of 
R,  and  tlie  -\-  •  dynamo  terminal.  W  hen  switch  s,  is  closed  the  -I-  ■ 
terminals  of  Mie  dynamo  and  the  battery  are  at  the  same  potential. 

A  careful  study  of  Fig.  1,328  will  show  how  the  followinf?  r.  .luirements 
may  be  satisfied  : — 

(<?)  Dynamo  char^infr  battery  and  sui-plying  current  to  the  lamp 
1...UI   at    a   lower  voltage  (r,  and  r,  set  generallv.  as  in 
I'ig.  1,32s,  with  switcl.v.-s  .S|„  s,  ,11,(1  s.,  (  l.w,  ,!!. 
(6)  Dynamo  and  batter>-,  both  supplying  c  urrent  to  lain])  l.,ad 
(f)  X..  lamp  load,  but  dynamo  eliarging  l)atterv  (switch  s„  .,pen) 
(./)  Dynamo  cut  out  (switches  .s^  and  S3  open,  s„  and  s,  dosed),  and 

lamp  load  entirely  on  battery. 
{e)  Battery  cut  out  (switch  s,  and'  S3  open,  and  s,  closed),  and 
lamp  load  entirely  on  dynamo. 
When  the  battery  and  the  lamp  load  are  both  in  circuit  the  number  of 
cells  on  the  load  depends  on  the  position  of  the  switrh  K.,  The  w 
depends  on  the  state  of  the  cells,  and  also  whether  they  are  being  charged 
or  disrharged  and  the  current  flowing  in  or  out. 

The  function  of  the  automatic  switch  c  is  twofold  :  first  to  ensure 
that  the  dynamo  on  starting  up  shall  not  be  switched  into  circuit  until  its 
P.O.  IS  sufficient  to  ensure  that  the  current  sball  fl,,w  t.. wards  the  b  itterv 
and  secondly  to  cut  out  the  dynamo  if  by  anv  chance  its  p.d.  falls  below 
that  of  the  battery,  in  which  case  the  current  through  the  dynamo  would 
be  re%  ersed,  and  it  would  be  run  as  a  motor  by  the  battery,  which,  for 
obvious  reasons,  must  not  be  allowed. 

The  switch  consists  of  a  balanced  arm  carrving  a  copper  spanner, 
wluch.  when  the  arm  is  drawn  down,  bridges  the  two  mercury  cuik  s],own 
m  both  figures.  The  movement  of  the  arm  is  controlled  by  a  p.,lariscd 
electro-magnet,  and  the  arm  is  so  balanced  that  when  th.Tc'is  no  current 
in  the  coils  the  spanner  is  lifted  out  of  the  mercurv  cuj.s  and  the  main 
dvnamo  circuit  to  r,  is  broken.  The  fine  wire  coil  seen  in  Fig.  i  3^S  bridges 
the  dynamo  terminals  when  the  switch  s,  is  closed,  an.l  r.  c,  ive^  current 
from  the  dynamo  even  when  the  main  circuit  is  br.iken  at  the  mercury 
•  uiw.  \\  hilst  the  dynamo  v.,ltage  is  being  run  up,  the  main  circuit  being 
broken,  the  current  in  tliis  coil  increases  until  the  volt  g.-  rises  to  the 
value  at  which  it  is  safe  to  close  the  main  circuit  at  the  mercurv  cups 
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and  at  this  vultagc  thi>  rirniit  is  rinscil  li\  tin  ,mu  i.|  ili  ~\\itrh  iuin^ 
juillfdVi  wn.  The  main  currt'nt  tiu'n  rtuws  tliiough  the  thick  coil  seen  in 
Ix.th  ti^Min    and  the  arm  is  hold  down.    If,  liowever,  throURh  the  lowering 
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of  the  dynamo  voltage,  the  dyiuimo  current  falls  nearly  to  z.ern,  the  ciun  nl 
in  this  mil  is  nlsn  diminisht  d,  and  it  can  no  lonerer  hold  down  the  arm, 

which  llics  upwaids  and  witli'haws  I'lc  ^jiaiitiii  ficiu  tli'-  iiv  rciuy  cup~. 
I)rcaking  the  circuit  before  tlie  current  can  be  rever>cd.  llie  circuit  cannot 
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again  be  cIumiI  until  tlw  tin--  w'wr  il  jj^Min  h,  (  (,nies  sufficiently  cncrgisi-d 
to  attract  tlu-  arm  inilliii^'  ilown  tli.'  >ii,iniirr. 

TIkic  ar^'  several  olijt  t  tioiK  to  the  u-r  ..f  tli,'  ih  tw  nu  tliotl  of  "  end- 
ci  il  rtgulation."  especially  in  the  case  of  the  lii/,'li-voltage  batti  ri.  s  (  niplov.  d 
on  traction  loads  or  of  batteries  dealing  with  heavy  currents  and  tli«  r. 
fniv  cnnM-tiiiL:  (■(  l.irg.'  iii.li\i.hi,i!  crll-..    In  tlif  lir>t  iilace,  with  liigli 
Voltage  battiries  a  large  nunilxr  ol  regulating  cells  and  manv  niultipli- 
contacts  on  the  switches  R,  and  R,  would  be  necessary.    Thus,  for  a  ^i^o-volt 
battery  some  seventeen  eont.irts  are  con-iilcrcd  ner.-s.u  \-,  ,  \  ,  wliui 
a  charging  hnn-ter  is  n^.l,  a-  in  Fit;.  ^jS.    K.h  Ii  ,,f  tlie^e  cntacls  lias 
to  I,.  ,,  ;inr(  ti  .l  to  one  ol  tlie  etlk  ,,|        li.ittrry  with  a  lead  capable  of 
earr\nig  the  lull  (li>tharge  current.    Such  leads  must,  where  h.avy  cur- 
rents are  han<lled,  be  of  large  cross  section  and  costlv,  i<iitriallv  as  th.  v 
m.iv  have  ti>  l.f  latlifr  ]<<\v^.  I.ccu!-.  it  i-  ni.t  p.  .~-.il, 1,-  f.  pli,  r  tiir  iiuilnplt- 
cont.Kt  switch  in  the  battery  room  on  aeeount  ol  tile  acid  sjuay,  which 
Would  s.H,n  corrodi-  the  contacts.     Further,  these  end-cells  are" trouble- 
some to  kevj)  in  order  as  c.im]i,tred  with  the  n-t  ..f  the  liittery,  br,-.ui-e 
their  treatment  in  chaise  and  di-  li,,ige  i>  ahiL-iiiMl  and  tlineient  from 
that  (.1  the  other  cells.    In  c.      (pun.  c.  a. ,  ..],l:n^  to  the  method  of  working. 
>ome  may  be  very  much  -hscharged.  and  then  again,  others  may  be 
overcharg.-d,  and  amongst  their  own  number  the  treatm.  nt  \  ,ni(  <. 

The  iiie.pi.ditv  ..1  the  tn, anient  of  the  ,iid-,eHs  is  sh..wn  graphically 
in  Fig.  I.  which  is  taken  from  a  i)ai)er  read  b\-  .Mr.  A.  M.  Taylor  before 
the  Institution  of  Electrical  Engineers.*  The  diagram,  which"is  for  the 
case  of  the  h.itterv  b.ing  nrpiired  in  dealin-.  sie,  with  short  jH.ik  I.  ,ids 
to  disclMige  at  the  one-hour  rate  (see  Fig.  1.0751,  >)un\s  how  difficult  U 
IS  to  eiiMire  pn-i^er  treatment  of  many  of  the  cells.  F'or  this  case  100  cells 
are  ntpiiiol  in  the  main  battery  and  11.',  r.'gul.iting  cells,  ni  ikincr  -,o^  in  all. 
The  charging  is  taken  over  four  hours,  comnu  iu  ing  with  ^40  celK  in'ciicuit 
an<l  tini-lnn^'  with  ie,„  e,  I1-.  F-,.r  the  la^t  hltv-seven  cells  which  are 
wanted  for  the  discharge,  there  are  no  means  of  charging  except  extremely 
slowly.  The  one-hour  discharge  commences  with  275  cells  in  circuit  but 
these  are  mcrea-ed  to  ;o ;  f,,,-  the  la-t  f-w  niimite^. 

The  diagram,  th.,u-h  not  so  fully,  sh..ws  wiiat  happens  when  the 
l^  itt-  rv  1-  le.piir,  ,1  1,,  di.eharge  much  more  rapidlv,  namelv  at  the  five- 
minute  (one-twelfth  hour)  rate  (v.v  l-'ig.  i.,,73^  f„  ca<e'  ;,n  additional 
sixty-two  cells  wouM  be  n  cjuire,!,  whi.  h  are  in  the  same  po.^ition  as 
n  yanl-  h,  1,11;  ,  1,,,,-,  d  ,1-  tlie  hftv-even  cells  mentioned  above.  These 
would  have  to  be  htted  with  costly  regulating  contacts  and  switches  and 
are  virtually  a  stand-by  seldom  requiretl. 

On  the  otner  h.inii.  tlH -e  e.vtr.!  ce!!-.  -..!•,  ;■  <!-...■  jr.;*  ;!}  ■,!;.,,,  ..r 
macliinery  in  the  form  of  motors  and  boosters,  but  mucli  'of  thirsaving 

*  Joum.il  of  the  InstiliitioH  ef  liUdrical  Engineers,  Vol.  Xl.\ll,,  p.  y,- (xz^ii). 
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In'  l•>^t   in   tllr   .1.  !■  lit  i' -ll.tl   l-.iin;l»i   .t   .\tl.>   .nul  ii.-tl\-  olU  \\]i\>U 

iiiu-t  1h'  in-!alk(l  .iiul  ni.ii'.it.iiii.  (1.    Th.'  i  \ti  i  nil--  ii..>--.ti\-  t.T  (.liilv 
lU'iiiLil  wiiikiiiK  may  Iv  l^itv       \ih>u-.  <  \  ..n  ir,.  i.  .1-.  -t  .^ii. -i\tli  111  1 
S.Mi-vult  b.ittcrv  as  cunipartil  with  the  imiiilm  i<.iiiH'>l  whm  an  .iiit"- 
ii.itir  reversible  boo'itir  is  nsid. 

End-cell  and  Booster  Reg^ulation.   A  i^  '  l  ■  \  nm  l  .1  ih    .  m 

Iniialii'ii  i)t  a  bu(»tir  with  ind-cell  ngnlatii-n  lia-  hmi  i;i\in  at  pa^"  -  5-"  '■ 
in  the  chapter  on  Generating  Stations  In  this  exantple  there  is  a  -plit 
!)att<rv  on  a  three-wif  -v-ttin  of  di-tributicn.  ami  the  regulating  nil- 


,,11  .  leh  half  of  the  battny  are  next  to  the  middli'  <>r  nrntr..!  wire  with  a 


h.i.)-t.  r  interposed  wlu  n  lopiired.  The  ine  of  the  b  -  -ter  in  thi^  wiv 
lediu-es  the  number  of  regulatini,'  end-> ,  IK  r.  quiird.  In  .  ili.  r  -\-t.ni^ 
wliicli  are  now  more  freipiently  u>ed  the  end  re;;nlaln!,L;  iell>  aiv  .  iiimlv 
abolished,  and  tlu  ir  )>la>-e  is  taken  by  a  booster  or  lK>oster<.  M  Veial  ex.  ,  llent 
form-  of  will'  !i  iir  ,i\ ,i;i.ihlc. 

Booster  Regulation.  -The  pn.n--  n{  ••  bo^.-tm-,"  a-  ha-  alira.'v  b.  .  II 
explained  at  pas;es  i>  ■<cq.,  is  a  pr-K-e-^s  by  which  the  v..ltai,'e  at  ,ni\  ponit 
of  a  riivnit  m.'\'  rai-rd  to  eoinom-.a.'  for  a  droi)  of  y,  Ita^e  due  to  any 
cau>o  ari-nig  ni  the  e.4u>e  of  ..pnati-n  m  a  di-tribnlin!,'  -v-tem,  -ndi  as 
the  drop  of  voltage  in  fredt  is  on  heavy  l"a-l-  nr  the  di..p  oi  v..h,i^''  due 
to  the  (li-^c  liai,ue  of  a  secondary  batttry,  with  which  we  are  ronr.  ined  m<'U- 
directlv  lu  re.    Tli'^  "  b.  "'-ter."  or  volt-raiser,  einploved  depi  nils  on  the  eon- 

...  I  1    ..  .1..    I  .11.  .  -1  (  r        n.  i  1 1 .  .1    !i-u.dh'  nh  tt  I  dli\'  H  !!ld 

controlled,  as  to  it>  eliva  on  the  voltage,  mlier  autt  niatie.dlv  or  by  h.md. 
Examples  of  the  employment  of  iKio-ter-;  in  connection  with  M-eondary 
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Lave  I.en  g.un  already  in  th.  sectum  .,n  -  >ui.,  l,|.„ar,K  an.. 

Suitcllilll,'  "  (mV 

TiN   ti)  in  till 

tliapter  on  Geiuratin; 
Stations,  and  it  i-<  tlu  i. 
Ii'if  ii.it  iu((s>ai\-  t' 
'I'-il  hirtlur  in  (U-taii 
with  th<»so  mcthrxK 
lii  ir.  Till'  u'i  ih  imI  |iiin 
'  1  niplux  rd  lia>  hccii 
miiili  lialx.iattil  hy 
variiiiis  iU>if,'nfiN,  and 
t')d(..<rril)f,  even  hriclly, 
'Ik  (  lii.  t  >y>tt  lu-i  wliich 

1  liavt  hen  wtirki'd  out 

2  wotild  require  a  preat 
I  aiuiiMiit  of  >].a(u  and 
5  woiil.l  1h.  tidiuus.  It 
<  may.  however,  Ix-  in- 
I  teresting  to  cla>-ifv  il„. 
i  chief  systems  wliith 
:  have  been  siit  c. -sfuily 
f  used  S(jmewhat  as  fol- 
!   lows,  the  classification 

•lepi  ndiiit,'  on  the  type 
of  booster  used  : 

(j.)  Self  -  contained 

boosters, 
(ii.)  Hoosters  re- 
i|uirinf^  a  so- 
called  e.Nciter 
or  auxiliar\' 
niarliine. 
(iii.)  Boosters  with 
an  external 
:nitiiinatic  re- 
gulator in 
their  field 
circuits. 
The  I.anrashire 
ai;t..matio  leNeisibie 
(  .       ....    ,  booster,  which   is  an 

ol  t.vpe  (1.)  IS  shown  with  its  driving  motor  in  Fig.  1,330.    It  is 
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mamifaiiuii  (1  l)v  ilif  I.anr.i>liiro  Dynamo  and  Motor  Company,  l.til.,  ami 
similarly  to  the  l)oostiT,  \vhi»t!  conntrtions  an;  given  in  Fig.  5,;S.  is  wound 
with  four  field  coils,  two  soriis  and  two  shunt  woiuhI.  of  tiu-i-  oni-  of  flu; 
MTii>s  coiK  i-  ^imil.iiK-  ( ■■niiM  ti  il  to  tlic  c  (  _, ,,[  I  il;.  5  ;,s  |.!.ic.  il  Ix  tWft  n  the 
tormina!  of  tlic  hou^tt  r  ami  the  l)u>l>ar  and  larryuig,  tlii  iilorc,  tlu!  ImmisIit 
and  battm*  cum-nt,  whilst  the  other  is,  lik«'  c,,  in  par.dlel  with  diverter 
rc>i-laiu  f>  pI.K  i  d  ario-,  a  t;.i|.  in  tlir  sni>|il\  l(  .nl  li,,iu  tlir  m  i  it. m  .  .unl 
tlii'irlnri'  cairii  s  a  (  iitirnt  wliiih  is  a  Irai  tinii  nt  tlu'  niiit  latnr  i  init  iit, 
1 1|  till-  two  sinmt  cil^  is  a  slr.nit  011  the  l)u(»ter  terminal-,  as  is  c,  of 
I  'K-  SJ'**.  whilst  tlw  other  is  in  effect  like  i  ^,  a  shunt  acro-s  the  ■'Upi'ly 
in.iins.  bnt  with.  iit  the  n  versing  switeh  shown  in  Vii:.  5.;.s.    The  coils 

.  .  and  (  ,  air 
uoiniil  diften  nti- 
ally,  the  first  to 
fjive  a  voltap'  in 
the  discharf,'f  di- 
reitiiMi  and  tlir 
Second  to  give  a 
voItaRO  in  the 
cliaii;i'  diiictimi. 

l  lie  magnetic 
effect  of  coils  C, 
•  md  c,  depends 
upon  the  direc- 
tion in  which  the 
current  is  passing 
through  the 
1x11  KtiT.  When 
the  voltage  of 
the  batteri*  is 
i  qnal  to  that  of 

the  generator  no  current  p.isses  tiirough  the  boii>ter,  and  the  giiiLiatnr 
takes  the  load.  If  the  battery  is  discharging  there  will  be  a  voltage  across 
tlif  booster  terminals  assistini;  the  battery  v.iltai;!',  and  as  the  l.ittiT  S  'iU.il;. 
falls  tiie  P.I),  across  the  i)iHi>ttr  tnnun.iK  will  rwe,  and  its  esiitation  and 
<  I  n-eijuently  its  V(>lta,t;e  will  inc n  and  iielp  the  batt<  ry.  If.  hoWi  \<  r, 
the  battery  current  changes  from  discharge  to  charge,  the  jiolurity  of  the 
biioster  will  fjverse,  and  its  voltage  will  be  in  the  directi<m  of  the  charging 
current.    The  niadiine  thus  acts  as  .1  "  reversible  "  booster. 

Tlie  connections  fur  one  e.\amj>le  of  a  booster  of  the  second  type  (li.) 
on  page  128S   are   given  in   Fig.   541,   when   any  of   the  boosters 

~'i  or  are  being  e.xcited  from  'he  exeiter  I>ii>l)ar-.  In  tlii- case  ihe 
e\eiter>  are  shown  nuite  separately,  and  their  I'lelds  are  partly  sclf-excited 
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and  p.iitiv  .  \- It.  1  iiuin  ih.  Im-.l..ii     .i>  tiill\  '  n  !!;.•  t<  vt.  In 

a  Rflf-rontaui.  .1  -ft  tlir  ex*  itiT,  tlu-  driving  luni.  i,  iii  i  ^.  ntT.iior  t  i 
hoost<T  pn^pcr  .ire  .dl  on  the  sann'  shaft,  as  i^hown  in  Fifr.  i  uj.  which  is 

an  illustration  «>f  the  will  Known  "  HiKhfiohl  "  I  r    1  !i.  .      ,ru<  ',< 

are  shown  in  l-ij,'.  i, whii  h  ^UouU  l>o  (vinpar.  d  \mi1i  1  l     41.    |i  , 
chi.  f  ditf.  i.iio  \m11  ]„  i,,„nd  to  he  that  in  l  i.^'.  i.-j  ;.-  th.-  boo>t,  r  lias  two 
exciting  coiU  instead  of  one  as  in  l-ig.  541.    There  is  the  main  slmnf 
wound  c(mI  a,  taking  the  whole  cnrrent  of  the  exciter.  an<!  the  s.  rii  s  ,  ,  il  1 
in  parallel  with  tlic  diverttr.    In  1-ii,'.  5^1  th     .  11,  >  roil  1-  on  the  (  X.  iti  r. 

A  widely  used  sy-tcni  ot  tvpe  (iii.)  of  the  <  iasMlication  on  p.^K--  I^>^ 
is  the  "Entz"  booster,  the  general  diagram  of  which,  with  the  rivinn 

nil. for  oinr.f'  d.  i-  gi\.  :i  n   i  j^', 
I.J.J.;-*    In  till-  sv>ti  lu  liiere 
is  only  one  excithij,'  ..  l  on  the 
booster  B,  and  thisi..il  is  sup- 
plied with  cnrrent   •■  "tu  tfir 
<  \'  .t  r  1.  wlii.  h  is  ii  ii 
ately  excited  ii'.  a  Coil  r  \.  i.i,  j, 
receives  cnrrent  from  the  hat- 
li  i     the  dill  1  timi  .ii  il  111  i-ni- 
tuil,-  ol  \viii(  h  at(  coiuioll,  d  i  \- 
1  .I'll.  .11  re~i-tan»  (s  x  and  v. 
v  li;.  Il  ,To  in  series  a  -ro--;  tin 
whole  or  a  portion  .  1  tl  bat- 
t<  ry.    '!  '  ■   Ci  ii   (  liridged 
across  the  junction  of  x  and 
Y  and  a  point  on  the  l)atte^^ 
intermediate      Intwcm  tl: 
points  siij  plying    current  t 
tilt  re-i-tances  x  and  Y.    Th.  - 
■  s  consist  of  pill  s 
V  the  pres.-uri'  01  h 
■■  i'ile  i-  increasi-d 
111.  actual  resist  a' 
'   itial  f  t  the  jii: 
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carbon  discs,  whose  effective  resistance  can  be  \  .i 
lever,  so  arrani;ed  tli,,t  wluii  tin  jn v-Miie  on 
pressure  on  the  other  is  relieved,  and  thus,  sin 
cither  pile  varies  with  the  pressure,  the  electric 
point  {a)  may  cliani^e  tliroii;;!!  wide  limit  . 

The  carbon  di>cs  and  the  lever,  as  juoiinled  on  a    .vitch  board, 
shown  in  Fig.  1,334,  kindly  lent  by  the  Chloride  Electrical  Storafje  Compan 
To  increase  the  effect,  two  piles  of  discs  ai.'  us« d  on  i  eh  side  of  tl 
fulcrum.    The  po-ition  of  the  lever  is  crntiolkd  bv  the  pull  of  the  ■ 
Of  a  solenoid  d  {sec  also  Fig.  i,->33)  acting  at  one  end  aeaitist  the  puli  01 

•  Taken  from  a  paper  by  Mr.  K.  R.mkin  jv,.!r;i.hed  in  the  /,>!.n: ..'  ,rt/i,  /■■sMuU^  rf  EltctrkcU 
Enginier.i,  Vol.  XLVIII.,  ;ip.  2H3  to  333  (1911). 
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'■•V  till'  ll.lMl|-\\lu<  1   II  wluU  I 

.  !■  -t  i-  lu't  1m  int:  itl>t,iiiu  li. 

t :  i-.  'il  (if  till-  SMli  iiwiil  11 
.  t.  r  li.  Wluii  tin-  cum  lit  i- 
iuiiit*  arc  mvh  that  t   •  potci 

HI  C    tli<-  '  Xtiti      !  :■.'! 

il '  .nut;  i' '  'in  tin  ;-' 
nciivcs  riirn  ut  in  tli' 


t.  ii-i 


11;.  I 

irt  .1  1 
i.ii^  of  .( 

iti  ■  .    .-hI  tl 
-H  ami  —  . 
tl.  aiiii 


•f  th, 

.•  "[  ■ 
■\  in.il 


;!  tl 


•l  !!•  Ill  - 

!  ■  ill'  .lllju-1 

I.'  i    hi)  nirti  lit 
■ ,  !  hi  I'.iiif  r\'  »iiuiil\- 

il  li  .l»i  -  I  III-  n  iti-  I)  w 
IM-*.     Tin  I  I'll  c  IIUW 

-tl  r  is  t A.  Hi  ll    •  tli:it 

itti  W  (li-rli.iri;i  -       ( In 

II  t  li.iml,  il  till  il.  I' .  iii.l 
anil  the  I  111  M  nt 
the  ^piiiit;  lii.iw- 
tt-liiml   I  mi  1 
X  ,11 1-  111;, 
I'll  --I  II.  .illil  l!|i 
tilUi.il    I'l  il 
I. ill-     -.1  th.it 
I  urn  nt      tl i\v- 


tliiiitigh  c  l: 
/.  tl 


I  i 


IKJ-A' 

•  alv 
iii  th. 
-itiallv 

1' r  ext. 


a. 

1  .  \  I  r-i  -  1 1..' 
Vi'lt, !(.;<•  (if  n.  wliii  li,  In  iiiK 
now  a<l<lo(l,  >('  far  a-  the 

iMttrl A'   is  cnlu mil  il,  til 
Villi, I.;.-  I  (  I,,  Il  till-  illlli  ut 

ill  till'  iMttriy.  \vliii  li  tlii-rcfore  cdiiHs 
undi  r  char^iim  t  oniiitidiis. 

An  actual  Entz  bonsti  r.  as  su]>- 
jiliiii  til  an  cK'ctric  r.iil\\.i\  .  i  -  >liii\vii 
in  Fig.  1.335.    Themiitur  .m  i^  in  thr 
ATH  by  current  drawn  direct  from  the  busbars.  The 
i-  qiiiti'  -ni.ill,  luiiii;  niilv  nf  ^-5  k\\ .  1  ,i]).»citv  for 
,  ami   it    tl.rn  ldii',  when  recjuired.  i(\ir-is  r,ii>iiily. 
1  only  ( (  .vdtinj;  Cdil  on  the  booster,  the  heat  energy 
coils  is  li'ss  than  when  there  are  two  coils  acting 


:nal 
•mc 


ri  trill 
.(  .1.. 


itiirs  have  Ix  1 11  ii-i  d  ii    -\  -iiiiis  rnniiiii,'  iiinli  r 
s'   ngu!ati-!s  l;;r.-e  Ixtn  alriady  dt— Til>.-1  fr-iii 
points  of  view.    Amongst  them  are  the  Brown-Bmeri  re^ilator  (.w 
-  iJS-  tu  190),  the  Thiir\-  ri  tililiti ir  (i^i't-  ]m;^i-        tn  \u~  .  Tirrill 
■ilator  (st-t  pages  337  to  3'i.V.  and  other-.    The    m  r.il  iTiiu  ijile  in\dlvt  (.l 
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in  applyiiii,'  tliesc  will  he  undiTstnod  from  the  aliDve  iltscription  of  thr 
Entz  booster  ;  liick  of  s]vice  prevents  us  from  d.  ilini;  with  them  further 

in  detail. 

Effects 
Produced. 

—The  effect 
of  using  ;i 
jiroperly  re- 
i,Mil.it((I  l)at- 
tery  m  a 
sub-station 
is  exhibited 
on    the  re- 

I  ^^^^H  cords  of 

I'^'g-  1.33''. 
w  h  i  c  h  is 
taken  from 
Mr.  Rankin'-- 
paper  cited 
above.  The 
ampere  load 
on  the  sub- 
station is 
given  by 
Chart  (5. 
taken  by  a 
rec  o  r d  ing 
ammeter  be- 
tween the 
hours  of  5 
A.  H.  and 
11.40  p.  M.. 
during  which 
the  li M(i  was 
always  fluc- 
tuating rap- 
idly, tlie  ex- 
trenie  value 

iH  iiiy  from  about  100  amperes  to  i.joo  amperes.  Tl,e  station  was  driven 
by  a  motor-generator  the  load  on  which,  as  shown  bv  Chart  (5>  was 
never  subject  to  rapid  variations,  but  rose  and  fell  accordmg  to  average 
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domands  at  different  periods  of  the  day,  the  maximum  load  h.  in?  700 
ami^res  (iSo  *\v.)  and  the  minimum,  durincr  ordinary  wori<ing  liour- 
;il)Mut  ,;5o  ampeiv^  (i(,o  k\\\).  I-or  many  hours  the  load  was  stea  iy  v.. 
til.'  n.i,t;lil)oiiihoo,l  of  500  amp-ns.  or  .';o  k\\:  The  most  remarkabl.' 
( tf(  (  t  i>  the  almost  ahs„hite  stea«lincss  of  the  busbar  voltage  shown  b\- 
<  lint  ®,  tlie  deviations  from  the  standard  540  volts  being  scarcely 
l>i  rci  ptihie  and  never  of  Ion;,'  duration. 

The  .  xplanation  is  that  all  the  violent  fluctuations  of  load  shown 
on  Chart  (I)  were  taken  up  by  the  battery  and  the  booster,  u- 
shown  on  Chart  ®,  in  which  the  H- '  currents  above  the  /.en.  l„i, 
are  charginj;  current-,  and  tlie  —  currents  below  that  li,-e  ar.' 
discharging  currents.  The  former  are  seldom  over  300  amperes,  but  tlir 
latter  are  quite  frequently  over  300,  and  sometimes  as  much'  as  600. 
amperes. 

Many  charts  -imilar  to  these  could  be  (-iven.  and  would  be  especially 
valuable  in  comparing  various  systems;  but  the  above  are  sufficient 
for  our  purpose,  fur  it  is  quite  impossible  to  enter  upon  a  minute  com- 
parison of  the  merits  \nd  demerits  of  the  various  systems  alluded  to,  as 
well  ,is  those  which  ha\-e  not  bee::  described.  The  reader,  if  sufficieritly 
interested,  will  find  a  mine  of  information  in  the  Institution  paper  cited 
and  the  discussion  thereon. 

IV.— FURTHER  oprR.ATmXs  IX  SlB-ST.\TIO.\S 

The  foregoing  section-  of  this  chapter  have,  either  directly  or  b\- 
reference  to  other  parts  of  the  book,  dr.dt  witli  most  of  the  important 
operations  in  sub-stations  of  various  t\  pes  but  tlaie  remain  a  few  matte,  > 
to  which  atteiiti  .n  should  be  briefly  directed,  either  by  wav  of 
amiilitication  or  addition. 

Voltagre  Regulation.— Directly  or  indirectlv,  the  regulation  of  the 
voltage  on  the  ilistributi..-!  nrtwoik  i-  ..ne  i  f  tlie  chief  operations  of  a 
sub-station.  \l  w  tlii-  can  be  maintained  coii>tani  on  the  busbars  or 
at  the  outgoing  t.  nninals  of  the  sub-stations  has  been  explained  in  con- 
nection with  each  of  tlie  sped.il  t\pe<  of  tran-lornur^-static,  kin.'tie, 
chemical  (secondary  battery:,  aheadv  n  feired  to.  Incidentally  the 
tlinnving  in  of  additional  plant  in  p„i.illel  the  load  increases 'bears 
un  the  ^ame  quotion.  because  an  overluad.d  unit  mav  lead  to  lowered 
voltage  on  the  distribution  busbars. 

I  Si-  of  l-rnii-rs.-'Thvw  remains,  however,  the  necessity  of  maintaining 
tile  vohage  at  the  >tauda!d  value  on  the  supj.lv-iutwurk  at  distant  parts 
<  !  the  network  <luring  the  heaviest  loads.  This  necessitv  has  h'd  to  tiie 
de\  elopment,as  par-  ot  the  >yst.  jn,  nt  /.v,/,ys,  tov.lii,  !i  i.  t.  n  nee  has  already 
been  jnade  more  than  once.  lUit  in  certain  ca>e-  it  mav  and  does  happen 
that  the  '■  drop  tf  volt-  '  on  the  feeders  Ivcotnes  ^'xce^^ive.  and  some 
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mi  til. 1(1  tu'  jiiaintainin;,'  full  v;;!t.i-r  :it  tlir  ili-t.int  fn<l>  must  bo  cK'viseil. 

rilC  two  SlJliplcSt  IlK'tllolN.   wi.l,  |\    U-rll,  .Hf  1  - 

(i.)  The  provi-i.  n  i  l  jmihii>l.   l>ii>bars  at  diffi-ivnt  and  variable 

P.D.s  at  the  Mil)->tatiiiii. 
(ii.)  The  use  of  "  boostrrs  "  on  particular  fc.lrr-. 
Multiple  liiislhiis.-  \iy  pro\i(liiii,'  (lilfcrcnt  -ct-  cf  Ihi-Imi-  .ulI  ^liiiip- 
ins  the  feeders  either  permanently  or  interchangeably  on  bu>l)ar-  whoe 
r.n.s  are  different  and  under  independent  control,  it  is  dbviou^  tliat 
!■  luporary  and  Idcili-iil  luavv  luads  ciu  be  cuiivrtiii'iith-  li.iiiiili',1  ,ind 
lull  i)ressun'  jnaiiitaiiied  at  the  consujuer's  terjiiiiials.  iixamplo  ha\e 
been  given  of  this  jnt  tlmd  in  section  (pages  518  to  574)  descriliini; 
"switchboards  and  switcliinf^  "  in  generatiiit,'  station-,  iiMre  paiti.ul.nl\ 
in  rig.  5.;S,  page  5JJ  ;  Tigs.  540  and  541,  ])agi  3  ;'i  a, id  540  ;  ami  l  i^. 
555.  'i-'S^  55'^-  Similar  devices,  mutatis  Mutandis,  can  obviou^lv  bi'  n~(  d 
in  s  •  <-  rations.  In  fact,  Fig.  540  may  be  regarded  as  a  sub->tatii>n  bi>ard 
if  the  leads  from  the  generators  in  the  diagram,  Fig.  541,  are  replaced  by 
leads  from  the  A  ■     |  1  ,  .A 

delivery  side  of 
transforming 
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liigh -voltage 
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refer  our  read- 
ers   to  t.icse 


D 


I 


Ku.  t,33  1. 


m  of  liie  l'*e  ()'■ 

f  multiple 


It.io^ters  III  I  eeder<. 

busbars,  ?even  of  which 


figures  as  good  examples  of  thi. 
arc  shown  in  l"ig.  541, 

Boosters. — In  two  of  the  above  examples  boo>ters  are  used  for  the 
purpose  of  maintaining  the  required  P.n.s  on  the  busbats,  but  in  this 
applicatiiin  tiny  are  ancillary  to  the  generating  or  transformiii.u;  jilaut 
I  <.ther  than  j)aris  of  the  di>tribution  system.  In  tin-  latter  thev  app.  11  on 
the  feeder  side  of  tlie  bulbar-,  anil  in  tliis  ])i i^itioii,  ?-iiu'i-  tliry  1  an  be 
allocated  to  individual  feeders,  they  reduce  the  number  of  multiple  bu^.bars, 
which  otherwise  might  be  necessary.  This  use  of  boosters  is  shown  dia- 
t;raiunwticallv  in  Fii,'.  I,,; a-  applied  to  the  (li-tri!)ntii  .11  >c  lu  nir  di  pic  tnl  111 
Fig.  1,^57.  The  distribution  busbars  AU  (Fig.  1,257)  required  to  supply 
current  to  five  feeders  of  different  lengths,  two  of  these,  a  and  c,  being  shorter 
that!  tlie  (itlur  tlirei',  b  d  and  i'.  In  big.  I, ,',,',7  l)oii~i.r>  r,'  v,'  b'  ;ire 
r^pre^euted  as  being  pi, iced  on  the  lunger  feider-.  mih.  I  he  IxhoIits 
wliieh  >!iould  b"  u-ed  , ire,  of  course,  different  in  c.r.  and  111  a.c.  working. 

C.C.  Boosters. — These  are  preferablv  series-wound  d\  !!  imi--  <!;ii-^  n 
by  C.C,  motors  supplied  with  energy  from  the  distribution  bu>li.ii~.  In 
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tlii<  r(-]>(c  t  tlu  v  (lil'ftr  from  the  l)0(.>t(is  imliiMttd  in  Fii;.  541, 
were  st|i.ii atily  cxiitril  machiius,  tlie  excitciiioii  hiiiif,'  supplitil  lium 
the  main  busbars  or  from  special  exciters.  The  advantape  of  the  scrit  s- 
wonnd  machine  when  plactd  on  the  feeder  is  that  ii-  \i  itation  aiiluni.iti. 
ally  varies  with  the  current  in  the  leeder,  and  tluietcre,  as  is  de>iral)h-. 
at  iieavy  loads  tlie  voltage  "  bt>ost  "  is  greater  than  at  light  loads,  the 
speed  of  the  machine  being  maintained  constant  by  the  driving  motor. 

Tlie  dynamos  employed  must  be  designed  as  low-volt, mr  lu  av\ -<  im.  nt 
machines,  forthe  actual  Ijoosting  voltatje  r((|nir((l  in  pr.i.  ii,  e  is  sniail  com- 
pared with  the  sujiply  voltage.  On  the  other 
hand  the  whole  current  of  the  feeder  must 
pass  ti  roiij^li  tlic  armature  of  the  bo'>>tt  r, 
the  K.M.F.  of  the  arnviture  being  in  the 
clirection  of  current  flow  generator 
i;.M.F.),  and  the  conuniit.itor  and  brushes 
must  be  (Ifsisjiu-d  to  handle  this  current, 
which  will  111'  a  heavy  current  in  com- 
parison with  the  kilowatt  capacity  of  the 
machine. 

A  nuinhiT  of  intcri  stiiif,'  jjrolilcnis, 
which  we  cannot  consider  in  full  detail, 
aris«>  out  of  the  use  of  series-wound  Iwosters 
on  fe(  (K  rs.  For  instance,  in  i'i;,'.  i.  '.  v  we 
sliow  boosters  on  both  wires  of  each  feediT. 
This  is  necessary  because  it  can  be  sht)wn 
that  the  currents  in  the  two  feeder  win  s 
would  with  one  booster  only  not  necessarily 
be  equal.    A  c.i-e  of  this  kind,  worked  out 
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by  Mr.  \V.  A.  Ker,*  is  given  in  Fig.  i,3.}8. 


Fi«.  1.33!.— FM()«r  Bixxttr  on  Oiw  Wire 
Only. 


in  which  two  feeders  are  required  to  supply 
current  lor  a  load  ot  100  amjures  un- 
svjnmetrically  placed  as  regards  the  feeding 
points  /,  /o.  Full  details  of  resistances,  currents  and  potentials  are 
given  in  the  diagram  and  should  be  carefully  -tndicd.  ]t  will  bi'  noticed 
that  the  P.n.s  at  /,  and  f.,  are  not  the  same.  Moreover,  No.  _',  the  fi  ( dcr 
further  from  the  load,  is  more  heavily  loaded  than  No.  I,  which  is  nearer. 
The  result  of  introducing  a  booster  into  each  wire  of  each  feeder  is 
shown  in  Fig.  i,.];,f),  in  which  the  p.n.s  at  the  feeding  points  are  each 
_'oo  Volt-,  and  Xo,  i  feeder,  wliii  li  i-  nr.in  r  the  li.  ,ivv  load,  bears  the 
proportionatily  heaviir  cmrent.  With  these  interesting  e.\amples  we 
must  leave  the  subject. 

*  Journal  of  Vu  /mlilutwn  cf  Uleciriial  £ns;inten.  Vol.  -XI.IV.,  p.ige  487  (1009). 
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A.C.  Boosters  or  Rtgiihitors.-  Thv^f  will  u>ii,ilK  t.ikc  tlu-  Imin 
-tatii-  tran>(<inTitrs,  which  at  Arst  sight  inakt-  the  ojk ration  of  feidtr 
boosting  appear  to  be  much  simpler  tlian  in  the  continuotis-current  rase, 
riure  are,  linwcxcr,  n -trictiun-.  Il  ,m  I'ldiiiarv  >t.itic  ti.m~lunncr.  with 
:i.\ed  high-  and  luw-]ires>ure  coil>  be  u-k1,  tlie  lii^h-proMire  loil  will  be 
bridged  across  the  full  Vf)ltage  of  the  busbars,  and  the  low-pressure  roil 
Aill  be  in  series  witli  one  win-  o{  tlic  Itnlri  .  riii<  will  di  liniti  lv  r.ii-e  tin 
\  i'ltat;e  (III  the  It  edt  r  by  .1  li.\<  d  ainuuiit,  l.iri^ely  indepciKU  ni  ul  the  loud. 
.  xiept  tliat  with  heavy  lead  currents  the  "  drop"  in  the  transformer  will 
lie  increased.  There  will  be  a  permanent 
iKiost"  for  all  loads,  but  for  heavy  loads 
the  anunint  ot  b(.io>t  will  diminish,  which 
is  not  what  is  wanted. 

One  ob\ious  way  which  will  partially 
!iirtt  the  dit'tuidtN'  is  to  lia\f  \Miiiiu~ 
'itppings  on  the  l(iw-pre>>ure  ccd  and, 
either  by  hand  or  automatically,  t^  -witi  li 
more  windings  into  circuit  as  the  luail 
(I lines  on.  This,  however,  only  gives  a 
limited  number  ol  lixid  IxmstinK  ]iii>~ur( 
,ind  lacks  llexibility.  t)ne  exanipK'  ot  thi> 
method  has  already  been  given  at  pa,t;e 
t4t  (l''if,'<.  544  til  54''  .  in  do'  iibinL:  tin 
\.(  .  low-voltaf,'e  leeder  board  at  the  N"rtli- 
anipton  Polytechnic  Institute.  Three  >ni,i;le- 
jihase  booster  transformers,  with  suitable 
Lilijiings,  are  jilaced  upon  the  incoming 
Il  .ids  from  the  step-down  transforjiiers, 
and  by  means  of  a  special  switch  the 
pressure  on  the  outcoing  three-phase  feeders 
I  an  be  \arii  (l  fm,  ■  .;io  tf>  390  volts  by 
I  ight  steps  ot  10  volts  each. 

Another  example  of  a  hand-operated  regulator,  as  made  by  the  British 
Thomson-Houston  Comp.mx-,  i-  illustratid  in  l-"ig.  i,  ',40.  An  < lil-immer-i-d 
self-cooled,  22-k\v.  transformer  is  suspend)  d  m  the  tank,  n]iiin  the  top 
of  which  is  mounted  the  dial  switch,  which  tan  eitlu  r  be  ..jn  rated  by 
the  handle  shown  or,  if  fitted  with  a  sprocket  wheel  or  i)evel  gear,  can 
Ik-  operated  from  the  switchboard.  The  secondary  of  the  transformer 
is  divided  into  ten  sectinn-,  tai)(iin,i,'s  l)eing  brought  to  the  -ueeessive  ixunt- 
of  the  switch,  and  through  the  switch  one  or  more  of  the  sections  conmcted 
in  series  with  one  of  the  leads  of  the  feeder.  Starting  with  the  switch  in  the 
pi>sition  in  whieh  .ill  the  .;:e  lai-ii:;;  tlir  vw]!.;;;r  i.;;  ihr  irrdrr,  thai 

is,  in  the  position  ol  niaximum  boost,  the  lirst  revolution  of  the  dial 
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dimiiii>lics  the  l.(M,.tin«  volt.iyc  -t,  p  1>\  -t,  i.  In-  .  uttiii.^  cmU  in  Mmts-i,,,, 
the  several  Mdinn-,  <>l  tlie  lu\v-i>re>Mi. e  w iiidiii^;.    Wluii  the  fir>t  revulu- 
tion  ii.is  I,,.,  II  .ompiett-d  the  voltage  ol  tiie  leeder  is  tin-  >aini-  as  that  <.f 
the  bur-har>,  the  luvv-prfssiire  windings  bein^'  entirely  eiit  out  ..|  <  imii- 
TurninR  the  switch  still  in  the  >aine  (lirection.  the  next  ini.v.iiuiu  thiuu 
..\vi  ,1  ivvi  r-ing  >\vitdi  on  ih.-       k  ol  th,'  .md  on  .ontinuinK  tl;. 

luounii  the  io\v-pre>sure  windings  aie  cut  in  af,'ain  -tep  i)V  >ti  ji,  Imt  witli 
tlu'ir  ixdarity  reversed.  This  throws  an  increasing,'  nc.i,'ati\<  jur^sure  it: 
series  witli  the  tn  dn.  until  in  the  hn.d  po-,iti,.n  ol  the  -witch  the  t,  ,  ij,  : 
voltage  is  '■  de|)i(  "i  d  liy  .111  .uiiomit  appioMiuately  iqual  to  the  i)revioU- 
maximum  boost.  It  now  the  v»>ltages  have  f)een  so  arranged  that  thi- 
lowest  pre»ure  rorresjionds  t"  the  iio-lo.id \olt.iyi 
ixpiired.  the  ,ti)j)ai,itus  t^n,  -  .1  iisirm  x.in.uioii  ol 

pii  -sllii'  111  t\\rllt\    sU(il'ss|\,  st.i", 

|Jly  nuaiis  ul  a  motor  and  a  clutcli,  and  with 
a  modification  in  the  form  ot  the  contacts,  tin 

-"'it'  '  -111  h.  ,111, lilt;,  .1  to  work  .lUtojiiatir.ilh,  .  tli. 
lUoioi  ,iiid  1  lutch  being  coiitiolled  by  a  suitable 
ele(  tro-magnetic  device  which  we  have  not  space 
lo  di-s(  rihf.  rile  accoin|).\n\ ing  l'"ig,  i,  ',41  gives 
the  intern, il  comurtiniis.  the  barrel  carrying  the 
I  "llei'tor  ring<  .md  linger-  Ix  ing  the  part  o]HTated 
i>y  the  motor  and  dutches.  It  will  be  noticed  that 
oin-  end  of  the  cut  feeder  is  brought  to  the  middle 
ol  till  s,,, ,ndar\-  windings,  which  in  this  cise  are 
diviiUd  into  twenty  sectioi:s.  The  coils  on  the 
light  of  the  junction  act  as  booster  coils,  and  those 

on  the  li  lt  as  <lepiessor  coils.  Tl,,,  other  end  ol 
the  cut  leeder  is  brought  to  tile  pli  Ventive  resist- 
,inc(s,  which  an  in  -rries  with  the  contact  fingers, 
t  ich  through  a  collector  rin,'  H\  this  de\ice  the 
ale  lu.idi'  gradual  instead  ot  being  ui  -uddeii  steps 
In  the  .ibo\i'  rigul.itors  it  will  be  understood  th.it  tin-  curiiiit  pass- 
ing through  the  priniarv  or  high-pressuie  loil  is  lost  to  the  feeder,  and  this 
current  •tfl  not  be  a  negligible  (pi.tntity.  The  theoretical  distribution  of 
ciuiriii-  and  \  i'lt.i-;r-  ,1  — luning  loo  pei  .  riit  1  li  ii  iii  \  111  the  tlMiisloinier, 
is  shown  111  1-ig.  I  ,;4_'.  ni  which  it  will  be  s.  • tli.it  the  lo  \m  cent,  rise 
in  voltage  leads  to  a  <)'o')  |»t  rent,  loss  of  current. 

On  till-  other  li.ind,  ,ind  v  »li  tIm'  s.inie  ,i--imi|)t ion.  l-'i;.;  I. '•,4;  sliow> 
how  lilt'  loss  nf  \-olt.ige  when  the  tr.iiistornirr  i-  .icting  ,1-  .1  de|>ii'ss(.)r  .s 
compensated  b\-  a  cortesponding  incre.ise  of  t  iirtent 

Induction  ktiinlator<.  Ihese,  lor  single-phase  working,  ;ire  aKo  statir 
transfonitei-s  in  tli»-  seiise  that  when  they  are  set  lor  a  given  voltage  iliiei 
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tlif  |)iiiiiars  iiiiil  -cimikI.iia  winiliiii; 

aiKitluT.    Tti  alli>\v  111  a  v.ii  1.1-   

tiiiti  iif  tht"   voltaKf  ffffft. 

li,.\vc  \cr,  niir  nl  t  In  ■  \\  illdlliL;-.   

!     !)!■    JIU>\ill    Iil.ltUrh  to 

tin-  nfhcr.  l  "i  in>ly|)lia>f  wnikiii;.; 
tlu'V  rcM'inbU-  tlu-  >tati>r  aiul  rc>ti>i 
.>l  an  induction  motor  niorc  than  an 
.  iilin.iiA'  iran-toi mn .  We  take  tht' 
two  ta-fS  si'parati  ly. 

riif  variou-i  part<  of  a  sinslr- 
,'>/,/■.,  ii\^iil,itipr  .1'  iiMimlai  turr.l 
tin-  llriti>ii  riioiii--oii-lli'U-ton  (  oni- 
(.any  arr  >lu)\vn  in  Fig.  i..',44.  Thi' 
pritnary  wnidini:.  a>  it  tarrio  a 
(iiii-t.int  aiul  sniall  cutirnt,  wniinil 

the     n\o\Ml)l|.     (■.!.       I'     ,iP.|  ! 

(  iMitaini'd  ni  tlif  \citii  al  luil-.  />  . 
tlif  horizontal  ooUs  arr  sliort- 
tii.iiiti'd  windinu-  wlni-r  lini'linii 
wdl  hv  (.xplanud  prcsintly.  Tii'- 
secondary  or  stries  windings,  which 
.111'  to  carry  the  current  of  oin'  >>l 

tile  feeder^,  are  in  the  >li>ts  of  tin 
laminated  cm  built  uji  iii-ide  the 
casing  s  s  like  the  core  of  the  >tator 
of  an  induction  motor  with  salient 

poll  The  rel.ltive  ]iii--itioll-.  Ill  ill. 
two  iinuit>  are  ^llowll  diaf^iain- 
maticallv   in    Fii;.    I..145.     As  the 

u  h   windiiii,'   are  ^in-l, -pli.i-,    .iltn  n.itiiiL.'. 
at   n.!;ht  angles  to  ,m,Ii   \mikIiii,!;    ;.«■.  in 
1.J4-,  they  will  he  horizontal.    In  thi 
l)rini,ir\  wind- 
inj,'-  th.'  two 
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volta^'i'  and  i>  t..  hv  subtracted  from  the  line  voltaj;.'.  If  Ik.w,  v,  r  tlie 
movablv  primary  bo  n.tated  iSo  tlu-  two  llu\.<  will  bo  in  dinctlv 
-I'l-'-itr  iliir,  ti,.n-.  ai:.i  tlir  indu, ,  (1  v..ltaK''  in  the  secomhiry  will  b.- 
ad.l.,1  to  ..r  l.o.,-t  uj.  tlie  line  voltage.  When  the  parts  shown  in 
I.J44  are  assembled  and  ready  for  working  the  completed  regulator 
IS  as  sh<.wn  in  Fig.  i..}4b.  the  ax.  ot  tlie  .un-.ntric  part,  being 
vertical.  Hi.-  motor  m  (I-jg.  1.  544)  '"^  mounted  on  the  top  of  the  casing 
and  IS  tlin.iii,li  th.   wheel  and  pinion  and  endless  screw  to  the 

gearwheel  W.  whldi  i>  keyed  oil  to  the  top  of  tlif  sl,aft  of  the  ninv.d)!, 
core.  Ky  proper  electro-magnetic  cont.ol  of  th.  motor  tlii-  <oie  cui 
antojuatiraUv  mtatrd  tlin.uKh  tlie  full  raiiRe  .1  i,So  from  ma.ximum 
low,  ling  to  maximum  boosting  of  the  line  voltage.  As  the  core  is  thus 
gradual!)  rotated,  the  relative  direction  of  the  primary  flu.x  and  conse- 
'inently  the  iirop.rti.m  forced  through  the  secondary  'windings  is  simi- 
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larly  Naried.  .ind  j.rodu.  ts  a  gradually  var\  ing  value  from  the  maximum 
—  value  through  zero  to  the  maximum  -\-    value.    The  induced  voltage 

,         '  I^"">^'"y  current  and  is  therefore 

added  directl\  to  or  subtracted  directly  from  the  line  voltage 

The  function  of  the  short-circuited  winding  on  the  movable  core  is 
to  decrease  tlie  in.hi,  reactance  of  the  regulator.  In  the  extreme 
positions  It  h...  no  effect  ;  the  magnetic  flu.xes  do  not  pass  through  its 
coite.  m  which,  therefore,  there  is  no  induced  e.m.f.  and  no  current  In 
every  other  position  of  the  core  the  flux  from  the  secondary  coils  par- 
tially or.  in  the  zvro  effect  position,  wholly  passes  through  these  windings 
and  induces  a  current  in  them  which  sets  up  an  opposing  flux  diminish- 
ing the  inductive  reactance  in  the  secondary  circuit  and  if  properly  d-i"n,>,] 
leaving  the  voltage  drop  in  the  zero  position  aflected  only  by  the  ohmic' 
resistance.    Inadentally.  this  also  means  that  in  this  position,  in  which 


Fig.  1,14?.— Cunitf.  Hon. 
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uitli'Mit  tliis  short-circuited  winding 
tlu'  rt;;ulatur  would  act  as  a  choking 
coil  oil  the  feeder,  there  is  practical!'.- 
no  effect  on  the  power-factor  of  the 
feeder.  Put  otherwise,  it  ensure*,  as 
vlunvn  by  victual  tt'^t~.  fh.it  the  ^uju  nt 
tiie  ampere-turns  of  tlie  two  windinf,'-- 
on  the  niovable  core  are  always  ap- 
]iro.\imately  equal  in  every  jjosititm  of 
the  core  to  the  ampere-turns  of  tlie 
secondary  at  lull  load. 

Polyphase  Induction  Regulalot. — In 
tliis  case  the  fixed  and  movable  cores 
^huwn  in  I'ig.  i..;44  are  wound  hke  th«' 
>tator  and  wound  rotor  of  an  induction 
motor,  except  that  they  are  wound  in 
wide  slots  with  salient  pole>.  Care 
must  be  taken  that  racli  pole,  whether  oi  stator  or  mtor,  is  wound  with 

a^  niany  distini  t  and  separate  windings  as  there 
are  i)hases,  and  that  these  windings  are  con- 
nected to  the  line  in  the  proper  jihase  order. 
This  IS  to  ensure  that  the  magnetic  tidd  in  each 
case  is  a  uniform  rotating  fiekl,  the  speed  of 
rotation  being  fixed  by  the  |>eriodicity  and  the 
numbi  r  of  jioles  and  being  in  the  same  direction 
for  both  coro. 

A>  in  the  j)reci(lin!<  c  um',  the  rtf,'ulation  is 
effected  by  altering  the  angular  position  of  the 
rotor  from  the  positi(m  in  which  th<'  two 
rotating  field-  ,irr  in  directly  oppo-ite  phasi\ 
which  is  the  position  of  maximum  Iwosting,  to 
that  in  which  the  phases  coincide,  which  is  th<- 
p(.--itiiin  I'f  maxijuuni  (lr]irr--^iiiii  of  tii'-  line 
voltage.  In  any  intermeili.'ie  po>itiun  tin- 
booster  or  the  depressor  effect  depiiuls  up*jn 
the  pl'.isc  diffi  renrr  bi  t\v<i  ii  tlii-  tu^  tields  s<-t 
Uj'  I)'.'  the  angular  po-itinn  "t  tin-  ii>tMi. 

A  i^ii-A'.w,  thr(  t  -]ilKi-i-  ail -I .  I. •!. .  1  ri-L;vilator. 
!uanutactured  by  the  British  Thojuxin-Houston 
(  omiKiny,  is  shown  in  Fig.  i..?47.    Tlie  ronnec- 
tinns  to  the  -limit  :i!;-.!  -■.•nv-  in. ;irr  maib- 
rig.  i,5,6.-AB.T.-H.  Automaiicor  bv  mean.-  of  the  twelve  tie.xibles  which  are  seen 

hanging  over  the  sides.  The  rotor  can  be  operated 
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l>y  till'  han.l-ulir.  I  ,„  .iiit..m,iti,  ,,llv  l.v  th,  ,1,  .  tn.  iiLi-nrtirallv  rnnti,>ll. . 
motor  on  thr  t..|.  ..|  i\u-  .  ov.  r.    Ti,,-  ,,  ^..latoi  m  Vk.  i,      is  .If.iK.ir.i  t.. 
ruiin,,.,  4,,,u,..v,.lt  I,,, I,,  .,t       r^,  ,,n,|  t|„.flurr.        thr  n-Rulator  shown 
111  iMK.  I  .;4",  N  nut  intin.l.il  lur  Inw-vult.i.m-  (ii>ti il.in i. .n    Th.  i,  ,nv  |„.u 
fver,  a  numlvr  of  cases  in  wlm  h  an  int.  rimdiatr     |.  (|.>uii  .t.itiui,  at  mi,  1 
voltages  r..iuir..s  regulators  for  f.....|.Ts  sup|,hin«  ..nerg>  to  a  niunlHT  oi 

<-4>nsiinurs'  h)\v-voltat,'c  sul). 
stations,  fn  dosiyniiitr  >m  h 
A.C.  liiw-volt.ii;.-  iiL;u!.ii(irs 
thf  ^aiiic  prim  iplc-  apply. 

TIr-  etticiency  of  tlifsi- 
polypluiM'  n  :,'iiI,itors  i^  r;.*  5 

f"    'I'l  5     prr    ((  lit.    of  tile 

'  ipaiitv  uf  thf  rigulator, 
wliicli  i-  small  cunipanil 
with  tlu'  i  a]i;'i  ity  ot  the  line, 
riif  -ii;i.'l. -])lia~c  n  i;ulators 
l)rcvioiisly  ikscrilud  have  an 
I'ffiriency  of  o.V5  to  ()f)-5  pt  r 

i  t'Ilt..  arc.icliii); 

Balancings  on  Three 
wire  Systems.— In  three- 
wire  systems  of  (li-t rilnitimi, 
in  a(lditi<in  to  k(ti)in),'  tho 
r.I'.  (  I'listaiit  at  the  t  iuls  of 
Ion:;  feeilers,  there  arises  the 
fnrther  problem  of  dividinu 
tin  VMltat;.'  ((lually  Intwii  11 
till  iiiitirs  and  tile  neutral 
win  when  the  loads  on  the 
twn  i\v<  are  nut  d  halanr.'. 
The  I'ImM,  in  1,  ,,f  practical 
importance,  t -pecially  in  r.r. 
schemes,  which,  in  tlii-  .  .n- 
n>  ction.  arc  verv  much  nmrc 
DUJin  nnis  than  A.i  .  onc<. 


irte  l>ll..ae  Rttul.llor. 


llie  unportanre  „f  fni.linf,'  a  solution  will  he  aj.parent  from  conM.i.T- 
mg  the  simple  case  depicted  in  Fig.  i,  >v,.  and  l.v  supposing  that  the  poles  ,.f 
a  500-volt  dynamo  are  conn.M-t.,1  tu  a  .,nd  .  whilst  H  is  kit  „„coiin,rtr.l 
The  factory"  bemg  conn.rtcd  ,1,  ro>s  the  "outers  '  presents  no  tlitti- 
oultv  :  !i  _.,.ts  Its  supply  at  300  v.-hs,  whatever  the  ..ther  consumer-  may 
be  taking.  But  houses  2,  4,  and  6  are  on  the  -|-  -idc  ,.l  th.'  ^\.t,  in 
and  houses  t  and  5  on  the  —  side.    Assume  now  th.:;  th,  h.ad  m  tlus,' 
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li>iu->i>s  cim>i-t  -  <ntiiiK    >!  ^'li>\v  l.iin|i«,  .iihI  '  i  >!  .il  .1  nit.iin  tiiiU' 

tiiiifits  1  uiul  3  have  l>'it\  lamps  -witt  lu  i!  i.ii.  whiNt  hniiocs  j.  j.  |.  .iiut 
Iiavi"  only  thirty  Imrniii);.     I'lie  t  trtv  l.mi|)-  1  in  "mlv     t  tlu'  1  urri  iii 
\vlii«n  has  tliiiiii;;li  ilu   tliiitv  wliiili  will  iiu.iii  th.ii  thr 

thirty  lamps  will  rt't  i  ivf  I'll)  mm  In  iiirciit  .nul  tlu-  tortv  ton  litth  .  In  i.ni. 
till-  P.t».s  bi'twoon  nrutral  and  outt-rs  will  so  adjust  thtiUMlvr^  tliat  tli<- 
'■■•It  it;<'  will  ti-''  ('iip-iili  r.il)lv  ;i!)iiVf  J50  nii  ihr  -|-  -iil.-  mil  tn  thi-  ^.ililr 
.  \ti  nt  tall  Inluw  2y>  uii  thr  —  siili-.  llir  \\^hl^  in  j.  ;.  .iiiil  •>  will  l>i' 
ahniirntally  brisht.  and  those  in  1  ami  3  abii'Tm.iils  ihill.  If  ill  m  li"nr 
l.ittr  the  I'onditiuns  may  Ik-  n-versi'd.  and  ilir  lii;lit>  on  tin  -|-  -wle 
!>i  dim.  whilst  those  on  the  —  side  will  !>«•  ton  hriyht.  l.viilnitlv 
-u,  Il  Itiii  tii.it  iMii^  wiiiiiil  not  lir  tol(i.iiiil  ii\  t.i.iiii,ii\  ,011-. nil  .nil! 
tin  li  lnii-  snme  autnm.ith  all\  at  tillK  alipaiatll>  ~liould  lie  lii(Hi^;iit  intn 
action  which  will  maintain  the  p.i».s  U'tween  A  and  »  and  lieisveeii  it  and  t 

It  J 511  \  ciil^  wll.ltrX  i  r  tlir  ilrin.inil-  iM  tlir  illtl' H  ill  (  o|i~iiIU'  I  -  111,1  \  111'.  Hi  re 
.1-  iiii  'lir  ajip.ii.itu^  ami  .in.iiim  im  lit-  clitic  1  Id  1  <  .  .iiicl  \  1  .  -v-ti  111- 

C.C.  Balancers.  l  ln  .  Ic  im  nt.ux  luim  iiilc  -  ol  tin  ojclc -t  .iinl  !  ;oli- 
alily  the  simplest  solution  ul  the  problem^  iinn'vid  ha\i  b.  1  n  <  \pl  niied 
ami  illustrated  in  the  historical  section,  in  wliii  li  a  real  nn-'ci  yi m  iator, 
tli.it  i^,  .1  sin^'ii'  ni.ic  liiiii',  ti-cd  a-  ili.  icnu  cniciit  kmcli  n  .m -loi  nici 
(.sii  \'ol.  1.,  i)age>  tiji  to  li.J5).  I  he  aijualiiie  li.i^  two  ideiitu  al  wincltnu- 
with  two  ennimntators.  and  these  two  wimlinKs  .tie  put  in  >erii^  a- ms^ 
till-  oiitrr-,  till'  i  cininii'ii  iuni  tion  be  im;  .itt.ii  In  il  to  tiic  nriitial  1  ■  i;ii'  tor 
ot  tile  iii-.ti  ibiition  -\-tiin.  A  khiiiIciI  plant  -it  111  u-c  Im  1  '  IliIum- 
int,  "Il  I  tim  e  wire  >\'>tem  is  also  illu-tial«-d  in  l  i;^.  '107.  NCI.  1  .iinl  .1 
sjimhI  miKlern  balaiiicr  set  is  ^liowu  in  the  foieiijioimd  ol  I'lu.  47J.  \  .  I.  II.. 
iii-talled  in  a  modern  (.'I'lieraiinu  station. 

A  1400(1  praetieal  1  .v.ijnplc  ol  tin  iiicthocl  h.i-  bciii  uivcn  .it  p.i!.;e  f>_;j 
ol  this  volume  where  thele  1-  ili-iiilnd.  with  .1  1ll.lj41.1n1  ll'is.  3.;<)i  of  llic> 
connections,  the  cc.  balancer  panel  of  the  Xorthampton  I'olvtechiiic 
In-titntc.  riic  N.iiioii-  dc'Mi  c-  loi  -ccvirin^  tin  ojijc .  t-  .iimcil  .it  .m  c  ,11. 
lull\  wuiki'd  out  ,111(1  miKlit  Well  In-  ri'-ri'.iil  111  tin-  pn-tiit  loiiiuition 
Another  example,  not  so  fully  worked  out,  is  ^iven  at  jKifje  5^0  (I'iks.  527 
and  5iS|. 

l-'rom  a  studv  ol  the  above  it  will  lie  n.ili-eii  th.it  when  the  twn  -ide> 
of  the  three-wire  system  are  in  b.ilance,  both  arm.ittires.  wlieir  th'  n- 
not  a  sepiirate  driving  motor,  take  a  motor  current  just  stillu  ii  tit  to 
-ujitilv  the  enerfjy  wasted  on  frictional  losses  mechanical,  i  lectrical,  and 
ni.if^nelic.  It  i-  thus  iicc  ('.--.uy  tli.it  a  b.ick  i.mi.,  ik.hU  .c|imI  to  tin 
voltaf^f  between  the  neutral  .iiid  the  outer,  >lioul(l  be  dexi  lopid  i>i  i  .u  li 
armature.  As  in  this  case  the  >eries  current  is  inappiet  i.d>le,  lli<  main 
excit.itiuii  i-  ■U])i>liccl  Ii\-  -luint  windinj^-  which  c  .111  Ik-  supplied  in  on«  of 
the  three  w.iy-  (m,  (/»!,  or  u)  -hown  in  1-ik-  i.'A^- 
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When  \\w  ..ut  .,f  1mI,,ii..    ,,.  .h'.un  in  I  i-r  i  14s.  I)V  thr  un- 

bal.in.vd  ,  urn  nt  r^,  th.-  vc.ltaf;,-  ..n  that  M.I..  would  Ix-conu-  lowm-d  il 
til.  r.  w. Tf  no  balancer,  and  the  vultaKe  on  th.-  «.th»  r  side  raisH.  The  cnr- 
rent  in  the  airoatun-  a,,  lu'lp.d  l-v  it-  ,  m  i  j,  ,,.\rrM.l  an.l  Ix.um, 
a  Renerator  current,  whilst  that  in  a,  i,  un,  hanK.d  in  .l.nrtion.  but  i- 
iiK  rcas,.,!.  and.  hcinK  a^ain^t  the  i:.M.i  ..  remains  a  motor  .  i.rrent  supphnnu 
the  extra  energy  to  enaWe  A,  to  act  as  a  generator.  I'nd.  1  these  rir-  .ini- 
stances  it  is  obviously  desirable  not  to  diminish  \h^-  excitation  of  \,  and 
therefore  the  arranKem.  iit  (,  ;.  wliieh  supplie,  th.  x.  itation  from  the 
opposite  side  where  th.-  Voltage  is  raised,  is  a  h.  tter  arrangement  than  (6). 
HI  will,  h  the  .  X.  Itation  of  A,  would  remain  unchanged,  or  [a),  in  which  it 
would  be  actually  hmered.  Thi-.  it  will  I.e  found,  is  the  arrangement 
adopted  for  the  shunt  excitation  in  l-"ig.  j  jr,. 

To  assist  the  excitation  series  windings  are  also 
employed  and  are  so  connected  up  as  f<>  w.  ak.-n  th. 
flux  when  the  machine  is  motoring,  ami  strengthen 
it  nil.  11  til.'  jiiachine  is  generating.  In  Fig.  539 
tlu  -i-  windings  on  the  two  machines  are  in  series 
.111.1  carry  the  out-of-balance  current  of  the  neutral 
wire.  Tin-  ciirr.-nt  will  Ix-  reverse.l  wli. never  the 
larger  load  chang.  -  over  from  one  side  of  the 
system  to  the  other,  and  thus  the  required  kind  of 
influence  on  the  two  fluxes  can  be  ol>t:iiiu-d  ant.)- 
matically  under  all  conditions  of  want  of  balance 
b\  t!nH  I  .iiiiic.  tiiii,'  Ml.-  windings  in  series. 

Another  method  of  connection  is  shown  in  Fig. 
1,349,  which  the  series  windings  s,  and  are 
crossed,  a-  well  as  tli.-  slniiit  windings  s//,  and' s//... 
In  this  ca>e  each  s.  ri.  s  winding  carries  the  whole 
cnnviit  .,f  the  armature  on  th.-  opposite  side  of  the  svstem.  There  is 
little  to  cho.jse  between  the  two  m.-tlio<l-  .  f  c, ,ni,. ,  tin'i;  up.  Init  in  tl,, 
ease  of  a  hcavv  overload  on  one  side,  th.-  ni.  tliod  ,.i  Fig.  i.  14,,  ,^  rather 
better  than  that  <it  I'ig.  3  >(). 

Finally,  with  regard  to  the  . :;.  itation  of  balancers,  two  dex  ic.  s  api)e,(r 
in  Fig.  1,340.  one  of  which  is  not  in  th.-  oth.-r  figures.  In  this  figure  theiv 
an-  int.-rp..l.-  win.i,ni;s  i  i>,  and  i  r  ,.  , ,,.  h  in  with  its  own  armature, 

since  the  .  ff.-ct  of  int.-ipoles  on  the  cjjnmutation  (svi- pages  107  et  scq.) 
depends  uix.n  the  current  in  the  armature  under  commutation,  and  must  b.- 
reversed  with  that  current.  Th.-  ..tlu-r  drvic-  is  th.-  n  -nlat.-r  iv^i-t.mc,-  r 
which  is  inserted  in  tiie  junction  between  the  tw.>  .hunt  windings,  and 
which  I-  vl,  ,  iii...l]>  lii,-  same  as  the  rheostat  H,  in  Fig.  559.  This  adjust- 
able  rheostat  is  not  absoluti-ly  necessary,  but  ran  be  "used  as  a  con- 
venient fine  adjustment  in  special  cases. 


l  ii.  l.uS.-.Melliuds  of  F.x- 
citaiion  of  Three  -  wire 
Babincer. 
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I  h.'  middU-wir»-  ammt-ter  A,  in  Fi«.  5.W  and  i ,  in  Fii{.  i..;4<»  1-  n.  oi— 
>,iiily  a  KunUe  zero  iristniment.  RivinK  inlurmatnni  imt  omI\  >•!  tin  m.m- 
iiitudi'.  but  al-o  tif  tin-  dim  tion  <•{  tho  uut-ul-lMlaiin-  nun  nt.  Tin  \i«lt- 
111.  ti ; -  \ ,  mil  \ ,  i  (  it;  I ,  ',41)  ,  ind  B  {Vig.  5jo)  arc  abto  a  vt-ry  nm-ssary  part 
ol  tilt'  luKinctT  t-quipnii'iit. 

SliouKl  tin-  riMtirr  dj-^in*  t»»  jmrsuf  th.-  Md)j(  i  t  «>f  r  r.  Ii.iI.hk  t  r-  lurtlu  r. 
f<>Hi  il!t  i  wnU  till-  ili  t.iil-  m|  thr  I  iil  itioii-  .  ..mil  1,  .1  wuh  ih.  111  Ih-  .  ,111- 
m.t  ill.  ii.  tfi  T  than  loii-ult  .1  *i  iii  >  i.i  -.  vi  n  ,iiti<  li--  bv  Mr.  Hh.ih.i-  <  iit<  t 
«liiili  .ii>i>.  .iml  in  77»<  Elatrf  uni  111  J.inuary  and  l-Vhruary.  loi;.  and 
triiiii  which  Figs.  i.^8  and  1.J4  <  liavf  Int  n  takrti. 

Ruttiry  Convitters  as  Btihimcrs     In  ;i  int.ity  miivi iti  1  -i.     .      :-  tl.. 
I  .;iil.ir  tquipnU'nt  Mippli<  -   i  ir.iily-iii.iii.    m.  thud  i.f  halaiu...  ; 
wnc  ^v^ti  in  provided  thr  i  .i    Mdc  of  tin-  rotary  is  at  tlir  pri>,  i  ..>li  .u' 
fi.r  lonmvtion  to  thv  "  outc. "    If  nhi-  r»ad«'r  will  reft-r  to  t  s  ■    1.  >.<.. 
.m.l  r.n.'i  111' will  find  tla-  iiu  tln.il 
iii(iitatf(.l  I'V  a  (liitt.il   Inn-  111 
each  figure  runninj;  t<>  tlic  ncutr.d 
wire  from  a  niiil-cuil  tapping  of 
the  winding-*  of  one  of  the  low- 

|.ir^«ll!l    l  i>il>  (if   till'  tlinr-pll.l-r 

IhkIi- Voltage  transfornur.  It  is 
a  matter  of  in«lifferenre  whicli  of 

th.'    tlinr    (nils   hr    ell..-.'!!,  tut", 

.L-  we  lia\e  already  slinwn,  the 
mid-puints  of  the  coils  are  all  at 
the  same  jvitential  and  miylit  l)e 
j)ernianently  joined  toKi  tlu  r. 

This  may  be  again  made  i  U  ar 
by  a  careful  study  of  Fig.  1,014,  in  which  the  lower  part  is  a  diagianiniatic 
sketch  for  a  birolar  rotarv  of  the  commtitator  arnntiire  windings,  -lip 

lilll,'-.   ,111(1    -(•(.■i.!lll.ll\-  l  .'lN   ..|    llir    tIMIl-l'l.nil.  I     HI    ihrli-    (       :r.  t    i  lritll.  ll 

pi.-itions,  the  ^t,u -connected  primary  (nils  being  indicatni  m  tii,  n]i|.i  i 
part  of  the  figure.  At  page  087  it  is  shown  that  the  mid-poin!-  ol  the 
~i  r. .mhuics  arc  .ill  at  tli.'  -.inic  jintcntial,  and  tliat  this  jxnenti.il  i-  iniil- 
w,i\  hi  twi  i  i)  till-  piitenti.il-  ot  till  two  bru-hes  on  the  i  (Hiinuit  itor,  .ind 
1-  th  ii  '.i.rc  the  balance  potential  of  the  neiitr.il  ol  the  tlm  r  wii.  -\-t(  'M, 
when  the  brushes  are  connected  to  the  outer.-.  Win.-,  tould  tluietore  W 
brought  from  these  mid-points,  as  indicated  by  dotted  line-,  ami  con- 
lu  i  t(  (l  to  a  >hoi  t-circuiting  switcH  s,  wh-.-jc  common  terminal  is  joined  to 
the  neutral  wire. 

If  tlte  distribution  system  be  »nit  of  balance  so  a-  to  rai-e,  h  t  u-  -upposc, 

the  potiiiti.il  of  the  ncutr.d  wire,  a  continuni-  i  iiiiut  will  II. 'W  Iroin 
the  neutral  wire  throui^h  the  -ctuudaiicA  ut  tlu  tr.iii-lnrmcr  .mil  -lip.ring^ 


■A 
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tu  tli.'  , mil, It. in  .  wli.  IV  it  will  111  ili-tiilviit,  .1  ,iin. .n^^t  the  windinu'-  in  -u.  1 
a  \v.i\  tli.it  ..It. nil  jMit-  ..I  It  will  ti..w  .m.iiiwt  the  indiictivf  I.M.l.s  aii<l 
act  ;is  motoring  currents,  and  cith.  r  intrts  in  \\w  dinction  •>(  the  j-.m.k  - 
and  act  as  {,'infrator  currents.  The  ili-trilmtioii.  ii 
.-icronlaiu  r  with  I.ciiz'  «.  ncral  l.nv  (mv  WA.  I..  ]>.iy. 
41.S',  will  III-  .uitcm.itic.illy  sticli  a>  tu  it  lul  t..  ciik  (  I 
the  catiM'  wliich  yiv-s  rise  tt>  it-  naiiu  lx .  the  raised 
potential  (•!  the  neutral  wire,  which  will  he  accord 
infjly  reduced  in  tin- din vt id!  ..1  n  -.nTiiii.;  the  ImI.hu  . 

llie    Milition    is  -iiiiiij 


0- 

0 

->> 

■<J- 

-0 

I 


IS   -iiiiiile  and 

I effective,  ami  calls  for  no  fnrthei 
I'.'iitnirnt  (  \(  t  yx  tli;it  tlir 
"t       t|M~e      1  I  ilitiiuiiiu-.  ilHiellt^ 

thn.nu'll  the  M-ciiiidary  coils  of  the 
translonners  does  net  alter  tin  it 
magnetic  tliix.  >ince  each  ciiiieiit 
n  .ichini,'  tin-  niid-]iMiiit  of  a  secoiid- 
.ir\-  coil  dividi-,  in  jmictice, 
Kjuallv,  rifiht  and  left,  an<l  pni- 
iliii  r-.  ill  till-  twii  li.il\-i  <,  whii  h,  (>l 
cinir.-e,  \\A\y  the  >ame  iiiiiiilier  ot 
turns,  magnetic  effects  which  cancel 

"lie  atli>ther  .liul  lea\e  the  llli;^- 
neti-iim  ,ittl])ere  tmiis  of  the  c.iil 
un<  h. Hilled. 

Should  the  rotary  converter  be 
tlin  1 -phaM'  instead  of  si\--]iha-e, 
.ill  tli,;t  iv  nccfv^.nx-  tu  .ipi>l\-  the 
-.line  principle  is  that  the  trans- 
former secondarii's  -^iiould  he  star- 

Coillleited.    .llld    tll.lt    the    I'  I'tl.ll 

point  .'I  the  -t.ir  -hould  he  j.niK d 
to  tin  iiiutial  wire  of  the  three- 
wire  distribution  system.  l'"or  a 
jui'iM  I  halaiiciiiL;  mit  in  this  ,;wc 

"t  tile  lll.iylletle  1  Ifect-  of   tin  Coll- 

timious  currents  in  the  secondaries 
ol  the  transformer,  it  is  necessarv 

to  .ldoi>t    the   /ii;/,!-    :nitll(i<l  nt    .  .  IIIK  cf  i.  .11  in    l-'n..    ,,(,;:;     ;|,„1  till, 

li  .ld-.    .IS   e\pl,il!i,  (l   ..||    p.i-,.    (|  ^.    to   ,111    il|.  re.l-e    111    the    .  o~t    o,  the 

tr.in-fnniur. 

Mi'tvr  Cimvcrtits  as  luil.nh.i-^.  At  theeml  N,-,-  jM^ie  loioi  ,,|  the -ifti'Hi 
on  "  Motor  Converters"  111  the  chajiter  ><u  kiiietii   ti.ui-lc mier-,  it  i-  n- 
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in.irki  il  th.it  lln'  \^<\i<y  u\  inilurtinii  ni.i|..i  in.i\  W  <  < iinn  .  t ■  ■  1  I"  tlii- 
111  Mtial  point  (it  a  tlin  c-wiri'  ■>V>t(  n>.  ami  that  tlir  (•■nvrift  r  will  lliui  at  t 
I-  a  balanrrr. 

rile  |>'>iiil  I'l  1  .  ■mil  (  I !■  ■!!  t"  till-  111  uli:il  \Mi,'  --liiiwn  ili.iLii.iir.in.ilii  .ilK' 
111  Til,'.  I..;5<i.  ami  i>  alii  aiU  piux  idi  d  liv  tlu'  ii  ^ulai  iiii  tlii'il  nt  -tartmi; 
tli.  ronvorttr  shewn  in  Fif;.  i.<>.'>n  and  (It^riilxd  on  ]>ii;f  \o\<.  All  tint 
i~  iin  i  -saiy  i>  to  piovidf  a  rhaiiizi -ii\  ■  i  -wit' Ii  s  (I  il;.  i  ',=i"  ,  wl.i'h  i  m 
t.ilo  thr  ])laff  lit  thf  >hiitt-rirctiitiiiu:  jiliii,'  !•  iii  I'li,'.  i  ;.>.  A-  tli'  .niiMnin' 
.•t  tlif  nintnr  cniiviitrr  i->  cniinicti'd  lip  in  thr  -,iiiir-  .1-  tli.-  ;ii!nitiir<' 
■  I  a  twclvt-plia>f  mtaiy  conwrtrr  wmild  lie,  thf  di^tnliiitH'ii  nl  thi  mit- 
■l-halancc  rurrents  in  that  artnatiin-  IcaiU  to  li --s  distiirliam  r  fmiii  In  .itimi 
.  if'  .t-  than  in  .1  -i\  ph.i-r  ni.u  lmn'.  .inii  it  i~  liiinul  ili.:t  with  .111  ■■ut  . 
Ip.il.iiiri'  nirn  iit  up  to  30  per  n  ut.  i.|  thr  Inll-lii.iil  i  inn  iit  llir  \aii.iti'  n  I'l 
till  voltatjc  Ix  twi't  n  thf  two  halvis  L,—   ,  ,  ,  


-I.e.    Balancers.    Static    ti.mNlornur;'  "  *  i 

111'  ahlo  to  perform  valuable  si-rvircs  h(>th 

:;!  and  I'.r.    wnikiiii,'  ai  tim;   .1-  \^     .....  . 

■■-tatii'  hal.imirr,"  t.tkim,'  ihai;;r  ul  tiir 

iiiit(if-b;d:inco  currents  for  which  till- voliaijf     lu  i  i.,  -1  m..-  .-  \  . 

i|  tlir  in.iiii  ~-iippl\-  riiTiiit-  i^  ^uhdiv  iilnl  '  ''  '"'  '' 

'I'  twccn  liiails  which  ma\  be  wuinl  indi  p' inl' iilK  ol  mii-  aiinlliri.  l  inn 
inijwirtant  c.ises  in  practice  air  : 

v'.)  A  three-wire  sinj^K-phaM-  aa  .  load  comiri  ti  d  between  doulilnl 

voltap'  mains  and  a  third  or  neutral  wire, 
(ii.)  'I'liivr  -iiil;Ii -pli,i-r  1 1. mil  t  ti  ll  ir-piitn  .  K  ln  twiiii  the 

inain>  and  tin-  mutial  wnr  ot  a  tlirrr-pha^i  >y-triii. 
(iii.^  A  three-wire  c.c.  load  connected  betwien    iloubled-\ ultairr 
iiiitii-  ami  ,1  third  or  iiiiiti.il  wiir. 
Alti  riuili-iiint  iil  l  /iiiL  -,K  !i\  IliiLnu  :  r\.    Tin-,  i^  .1  cuin]iarati\ .  1\  -inii.i- 
case.    Instead  of  the  thre<  win^  beint,'  all  led  back  to  the  main  di-tiil  it 
ini;  transtornier  at  the  sub-station,  only  the  two  outers  are  taken  back 
to  the  seciindarv  terminals  of  the  sinyle-pha^-e  transforiiii  r     <  )iiilr  m  ar 
to  the  I'Mil  til.  -r  tW'i  Mlltel-  I.,  ,ind  I.^,  (I'ij,'.  l..;5l)  are  coIllH  •  '  ■!  tn  tlir  ci.li- 

5,  and  So  ol  .1  i  iii-i  traiisloniirr  with  it-^  priniary  and  -rcondaiv  loii- 
nectcfl  in  series  as  shown.    The  third  wire  i„  of  the  di-.ttibtttioii  -.\steni 

N  cciiini  rti  d  *  1  'lir  ciiinmiiii  jim.  timi. 

It  now  till  lu.tiN  i.n  till  twii  >idi  -  air  not  bal.iincd,  bin  iMir  nt  tlieni 
bo  the  greater,  then  without  the  balanc'  •■  the  |Miteiitial  difference  (V;l 
on  the  side  i  „  i  ^  of  tin  i;ii  ,it.  r  1'miI  woiilil.  ,1-  in  tin-  r.i  .  1  ,i-r.  ]>,■  ]. -~  ilian 
the  potmti.d  dillrrrnn  ,\|;  ,  n  th.    ..tini  -idr  1,!..    Willi  tin-  ImKiihi  i 


•  1  thr  <li>tribiition  s\~tr!n  dm  s  not 
.  \i  1 1  d  I  ])er  cent,  of  the  volt.iire 

brtUirll  thr  olltrl~. 
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inserted,  part  of  the  ciiniit  for  the  greater  load  i,  i.,  will  ]uss  throuyli 
the  coil  s,.  which  will  be  carryint?  Kreater  current  than  the  coil  Sj. 
This  increased  current  ii.  s„  acting  indii.  ti\  ely  on  s,,  will  boost  up  th.- 
voltage  v„  whilst  the  \  jltage  v,  will  be  lowered.  Tims  the  voltat;. 
balance  is,  at  least  in  part,  restored.  The  increruod  curn  nt  reciuired  on 
the  iride  I.,  r,  may  roughly  be  ntraided  as  obtained  as  to  one-half  by 
the  increased  current  in  s,.  acting'  as  a  primary  coil,  and  as  to  the  othw 
half  from  the  output  of  s,.  acting  as  a  secondary  coil. 

The  size  of  the  balanciut,'  transformer  is  much  le>-  than  tli.it  of  the 
main  transformer,  .  \en  if  the  loa  i  wliii  li  ii  de.ils  witii  is  the  whole  load. 

Tlu.s  if  at  full  load  on  one  side  there  is  only  75  per 
cent,  load  on  the  other  side,  the  output  of  tli( 
balancing  transformer  need  only  be  onc-si.\teenth  oi 
full  load  on  the  main  tr,u:>fMrmer.  The  voltage  on 
each  coil  of  the  b,-ilancing  transformer  is  at  no  load, 
that  is.  with  the  two  e.vtcrnal  loads  perfectK 
balanced,  half  of  the  \oltat;e  bet\,(eli  the  outel- 
Hv  phuiiif^  tlii-  small  transfornur  close  to  the  load 
the  cost  of  running  back  the  thinl  wire 
to  the  main  transformer  will  be  >,i\e(!. 

The  balancing  on  an  .\.(..  tiuvi-wire 
sinj,'le-p]ia>e  system  may  also  be  effected 
by  the  step-down  transformer  in  the  sub- 
station if  the  distribution  network  is  close 
at  hand,  and  the  neutral  wire  ran  be 
conveniently  brought  into  the  station. 
The  neutral  wire  is,  of  course,  connected 
to  a  tapping  from  tin-  middle  of  the 
secondary  of  tlir  sttp.duuii  tr,in>fornier 
whusi'  ternnn.iN  ,iie  >uiipl\ ini,'  enririit  t'l 
the  outers.  If,  however,  balanced  voltage 
is  to  be  maintained  the  .st>condar\- 
windinfjs  inu-t  he  cirefullv  di-trihutrd.  The  iiKtliud  employed  1)\  tli. 
General  Hlei  tric  (  on-pany.  01  Selienecta':y,  in  the  core  t>pi'  oi 
transformer  d.  -cribed  .it  jiage  Sbq  (Figs.  890  and  9071.  is  >hown 
diagrammatically  in  I'ig.  i,;,52.  In  thir.  type  ..t  tr.iiwfci  inn  tl„ 
windings  are  conr<'ntru-,  fx...  priniarv  coils  b.  inu'  111  tln'  middle,  uitli 
one  secondarv  coil  iii-ide  nt.\t  to  tiie  core  ami  .nc  out>ide.  Each  of 
these  secondiiries  js  lialveti,  and  Fig.  i,j5j  show^-  that  to  secure  tlu 
voltage  regulation  desired  the  inside  portio::  -A  ti'.e  se-rondary  windint; 
on  o!ie  side.i'f  the  pMm.iry  is  connected  111  ~eii.  -  with  tii.  outride 
portion  of  that  on  the  >,ther  side  The  result  1-  ihat  the  drop  of 
voltage  on  either  side  .if  the  secondary  under  an\  ordinary  conditions 


a  Thrt-e-w.re  I  ransformcr 


>f  Wiiuiings  i.f 
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t  uiih.il.iiu  1(1  l.M(l  (lots  not  exceed  tho  guaranteed  dmp  for  workinR 
>  ii  a  two-wire  >v-t(  in. 

Three-phase   BuliiHars.  -In   the  second,  applio.ition  of  -talic 

transformers  as  balancers  referred  to  on  ]\i!,'c  15117  the  i>iin(ipK'  of  lin- 
nito-transformer  is  also  used,  a  zin/.ai;  windini,'  tw  int;  .idi.ptcil.  Tiii' 
iil\aiitaf,'('S  of  the  st,ir-/it;/..ii,'  method  of   (-oiun  i  tins;  lliri  i  -pliase 

transformers  has  already  been  explained  on  pafje  044.  The  objid  tlien^ 
was  to  enable  a  400-volt  three-phase  power  load  to  be  supplied  from  the 
-,inie  mains  as  siiij,'lc-plia-^c  j  ;()-volt  litjlitint;  Iimi!-.  tin  i  itti  r  LmiK  Ih  Iiil; 
placed  between  .1  wu'e  coiUKcted  to  tlie  mntr.d  pi^int  ct  tlie  -nundarv 
winding  of  the  transft)rmer  and  tme  or  otlu  r  m  the  line  wires. 

It  may,  however,  ha]>pen  that  the  hghtinu  load  is  a  ( mi^iderable  dis- 
tance from  the  distributint;  point  where  the  lar>;e  transformer  is  placed, 
;mti  in  that  case  the  above  methtxi  would  require  the  neutral  wire  to  W 


M».  1,^51 — Ci'imeillon 

WeitinghotM  Suite  Halanttn' 
for  Thrte-piiaw  Worlting. 


run  right  back  to  the  distributing  transformer,  thun  aiUlinj^  to  the  cost 
of  the  distributiiii;  mains.  To  avoid  this  the  Weitinghouse  Company 
place  a  three-phase  auto-transformer  in  .1  pn-ition  conveniently  close  to 
the  lighting  load.  The  coils  of  this  transformer  arc  split  and  connected 
as  shown  in  Fig.  i,35J.  where  it  will  be  noticed  that  in  each  phase  one-half 
lif  the  winding  is  on  one  limb  and  tin-  otln  r  half  mi  .mntlur  limb  of  the 
transformer.  The  .irrangement  is  exactly  the  same  a^  that  (>f  the  second- 
ary circuits  (it  1  if:.  ()f)5.  and  the  r(-5ult  is  the  same,  the  vector  diagram 
of  Fig.  966  being  aj)i>licable,  e\cei)t  that  for  strict  accuracv  the  inafineti— 
ir.g  and  con'less  vector^  of  the  jirimarv  >ihould  he  inrhideil.  as  in  .dl  .iiito- 
transinrn'ii  1  diagrams. 

As  the  static  balancer  has  only  to  take  cliarge  of  the  out-of-balance 
currents,  for  one  terminal  of  each  single-phase  load  is  directly  on  the  mains, 
it  need  only  be  (jtiite  >m,ill.  I  hii-,  it  1-^  eakiil.itrd  that  a  liaLiim  r  .>imdar 
in  size  II  >  5-A:v..\.  tran^^l>rnler  wdl  d(  .U  with  u  ma.xnnum  out-of-balance 
current  of  25  per  cent,  of  the  full-load  current  on  the  outers  of  a  UtO-kv.A. 


V. 


I'd 
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circuit  witli  a  jiIm-.  AXa^v  vaiiutit.n  Iroiii  inuinal  uf  only  one-tliird  of  tli. 
voItaK"  'If"!'  Ill  a  s-Av.a.  transfornur. 

\\\\\\    ui  h  iMlaii.  11-  ilir  main  tiaii-toiiiin.-.  iiiav  W  ..|  thi'  .-t 

star  conn.ctwl  type  iii>ti  i<l  oi  tlu>  more  curtly  aiul  l.-->  ctlkunt  nu>]i-vt  , 
typo.  The  saving  in  n^t  is  mori'  spt  riallv  noticr  iNo  wlu  ii:  tin-  tian- 
fornuT-  arr  mI  liii^h  vi,lt,ti,'i-  nr  l.,\v  i.iili.nt. 

>7i///c  Iniuiiicis  i>n(  .C  'JJifi-i-:.  in  >  \  y/i  m''.-  Wli.  11  a  i  t.iitiiiii.  i;-.  in  n  i,' 
thnr-win  <li~trii>iition  system  1-.  nu  tvinR  ciurMV  Irnni  oniinarv  dviiain..- 
witll  their  Iciniiiial-  c  uniicctfil  to  tht  (Hiti  i^.  automatic  halaiu  ini;  .  .ni  i 
obtain.d  liv  h  |>i<m1ui  Im.l;  as  nuicli  as  is  nc(t  ->ary  ol  the  i..tai\  ciniMiti; 
~v~tiiii  1.1  halaiuini;  (i(Miil)f<|  almxr  .  sr,-  pa^^c  j,jo5!.  TliUs  twii  slip  niii;- 
aiUlfd  to  liu-  ilyiiaiiiu,  as  in  hif,'.  1..J54.  and  mniuctcd  to  points  on  tin 
armatun- win<iinps  rSo  rJfctrical  dt-Krcfs  apart,  convert  tin-  dvnatnit  im. 
.1  -Mi-'h  pli,i~r  i..t.ii    ,,|  ,1  ,|,,ulil(    iinrnt  ;^.  n<Tator.    Tlu-  -lip  riny  Imi-h.  - 

.11  1-         (1  illlll  Ct(  (1 

thn-u^rli  M'parati-  had- 


X 


B 


-L. 


Mil 
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the  two  sides  are  balanced,  the  point  j. 


li,i:i-loinii  1,  uliu  h.  a- 
in  (a"-!'  11.!  ai)o\e  i- 
.1  i-tf)-i  tran-li  ■nil' 1 
with  it^  (  (.il-  ~|  III 

-Mh  -     alul     Willi  ti,. 

jiiiu  lioii  p,.iiit  j  ji.in.  cl 
to  I  „.  When  the  alter- 
ii.iiniL;  (iiiiciit-  in 
.iml  -_.  .IP  th.it 
i-,  wh'  ii  till-  lu.id- 
lieitii;  midway  m  potiiitiai  1m- 
twfen  /,  and  /.,,  is  at  the  {jotential  of  i„  and  no  ciirnnt  flow-  mto  1, 
llir  1  r.iil-tornifi ,  \\  hi(  h.  liowexi  r,  i  .ii  rii  -  -intilc-plKi-,  curn  iit;  ili,i\wi  Iimhi 
the  -lij)  iiii«-.  ll,  however,  the  load-  are  out  ol  b.danc-  The  potcnii.il 
ot  I,  is  no  loni,'ei  midway  In^tween  the  jxitentials  of  i  ,  ami  i.„  an-l  cur- 
rent tlow-  to  ,,r  from  the  iiii(l<Ilc  wire  tlirough  tin-  1 1  .in-loi  in,  r  t.  .  1  n.inio 
in  much  tlif  same  wav  ,1-  h.i-  !«  .  r,  d.  -eribed  for  tin  oiit-ot-li.d.iin  e  lurrent- 
in  .1  '  t.iiA  converter  sinul.irly  used  as  a  balancer. 

.\s  m  tin-  pie\iou>  c;i.ses  the  transformer  is  of  -mall  c.ipai  n\  cc.nip.uvd 
with  the  tot.i!  power  handled.  It  ha-,  howewr.  |,,  he  -jH.ialiv  d.-i-iied 
I"!  I  'l'  low  ll.  Hell.  \  .1.  iiKinded,  uliirli  1-  tli,,i  the  euii,  lit-  ill  tile  arma- 
ture ol  the  >,'ei,eiator.  ii.imelv  p  .  where  A  i,  the  nuiulx  r  of  pair-  of 
tM>le,  and  n  the  revolutions  j»r  second  ot  the  generator.  Thus  fi.r  the 
"'!'"''  li'.iri.  .d  |-;nviiieriiii-  (  .  .ii,p.,n\ ,l\ii,,mo  iilu-!r.ite,i  m 

l  l.:;.    lOl,    [M-e    lOJ,   tile    lre,|UelU\-    at    304    U.V.M.    1-   4J;     l,,r    tlu  Io-l)ok- 

Mather  and  Flatt  dynaiuti,  iUustrated  in  Plate  II..  pas;e  19.  it  is,  at  joo  R.f.M., 
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J  s  l>i-i  II  '<1-  ,   iiiil  l"i  I  !i'      i  |.  I.   1 1. '  l;,  i'  ■.!  .i ,  iMin.  i  I .     •  ■ .     I  ■ .  ,  II  |,  i.;    i  ^  . 
.t  i~  miK'  7  S  iiiii.ul,         ^r.  i.ii'l       rill    \,iluf  <1  III.     \<     iii-t  \.'ll.i:;i 
-iipplii'd  I"  til'  ti.iii-i..i  iiu  i  is  til, It  !■!  till  l>ru>lu'>  i!  It  ( l  ie  I  ;S4'.  wlnl-t  ii> 
li.M.s.  v.iliK-  i>  tin--  \uliagf  (lividid  liv  ^  2  {     1-414      I"'  iii-i  1.1  till  l.iu 
tni]ni'ni'V  the  inm  will  l>i'  ^in.ill.  .nul  n  i-  inipi  •;  1  nl  t  hit  1  l;i  .  .  I'l"  ! 

i>  ."C^  -lllHllll  I   lie  -111  ill   -I  .  .1  -   li  •  a--l-t    til.'  lilll.ll  lllM~|i   I!    f\    ill.     \  .    ;i  IL,. 

riu-  ailvaiit.iKi  111  ii'iii^  till-  -I  itii  li.il.itu  (  I  a-  i  iiiii|iali'i|  w  11  li  tin  kiiu  th 
ti.iii^lorinors  (nvt>ti>rf;iiurator>;  iitiin'd  toat  |)a;,'.>ti  ;i  tii'>;T..t  \'.i|  I  ami 

,ii  i>aL;'  -  I  ;  t"  I  .il'"\'  ,  I-  tli.it  It  ii  '|iiiir-  II  ■  ,iiii  iiti  'i  •!!■  !,  I-  111I1-! 
In  ci\i  11  t"  -11  iiiiiimij;  III. II  iiiiii  i\.  I  III  ili-,ii!\ .iiii.iu'  -  .11  li  ii  It  .  .Ill  I'lih 
Ur  UM'tl  will  ii-  tl'i-  fifiicratur  .u  1  >  --iMi  .  .uul  il;,it  it  i.  pii'.  -  -lip-i iiit;-.  ii' 
Ih'  tiiuuntcd  oil  till'  Kfiniatm  ;  al-u  tii.it  tin  h  ad-  Im  tin  bdam  1  1  iiiii-t  !u- 
.  inicd  h.ick  tn  tlir  U'-tiiL'tnr.  wlnrr.i-  tlir  kiiiitu  li.d.nii  1 1  i.m  b.  -tmiiu 
li  i  —  1  111  I  ml '  I  -  ,1 1  .1  ii  \  I  •  p  \ .  III!  lit      'lilt , 

Power-factor  Control.  <Huti'  iriqu.  iiti\  m  dutii.  nt  |i.ni-  .i  iin- 

luiok  the  disad\antat;c*  >>l  a  l.iuyiiii;  c  iiiiciit  ])!idiiii  <l  l'\  .111  indn>  tivi 

III. id  ll.l\.    Ill  I  II  liiill.  d  t...      l  i..    ,  111,  I  ,.|  till  -r  ,ll-,iil\.,:  l.iu-  -  ,1:1 

llli'   MUM.I-ld   I'l--   111    tin    tl,lll-llil--li  II   illU-  dill     i"   till     II. Ill- 
nil— iull  nt  till    W.lttli—  itUllllt. 

(11.1  llii'  (liniini-li<'d  kili'w.it;  i'iu|iiii  uI  tlic  i;iiiri.iti  1-  ii ipiii int; 

tile  in-t.ill.itii'ii  1  I  l.iii;i  i  pi. lilt, 
(iii.i  Till  il.  i.ia^is.  tiMiic  lit'''-  '  '  lii'  wattli—  niirnit  ''ii  thr  lidd 

tlu\   lit    til.     'fi^Wi  l.ltnl-  .  .Illd 

liv.i  Tllf   (oll-iilUfllf    ImWiI  illi:  nt   itli'   Iii^ul.itll't;    jM.Wii.  ,iid  till- 
diiiiir.i-liid  1-ttli  i.  ii.  \  .  I  l  :'i.   L.r.i  iiii  i- 
(  (i/ /.!/,.         ry  l-jih-i.     liii-  liiw  |..'\vi,  l.ii  ti  1  I-.  Ill  iiii.-t 

I.irf»t'ly  thu'  tti  till-  iritiii-ion  nt  indiirt:i>ii  nintnr^  111  tin-  l:iad  :  >tatti  tr.iii>- 
l.iriiuT-  ti  lid  ill  til.  -.mil  diii  1  li.  'ii,  i.iit  h.i\  1  .1  -ih.illi  i  i  ffi  .  t  .1-  .  1  iiii]i.i i .  d 
with  tli' 11  1 .1)1.11  it\ .  .mil  \.'..iii  l.iiiiii-  .il-i '  CIV  1  II-.  1"  l.ict;iiit;  1  iiiiiiit- , 
rhokiiii,'  i.iil-  li.i\i-.  I't  I'lu-i  ,1  -niiil.ii  itfut.  Imt  tli.  a  ittcit.  di-lllMiatcly 
introdiK'i-d,  i--  tmt  i  "ii-idt  ralili-  111  aii\-  iiH  'd<-i  n  pnwri  -1  In  im-. 

/^i'»Mti//rN.    Till'  iiii)-t  i-tl'i  i  ti\  1-  rciiit  dv"  wuiild  -1 1  m  •■.  hi   tlii-  ji.iiti.d 

I  lllllill.ltli'll   ii|    till    I  lilil   I. 111-.     ■•!    ill.     tl.^lM.     \>\    till     ni.|.!.  .  .  lllilll    nt  III,- 

powfr-lacioi  ol  Hid  111  til  11  111.  it.  .1  -  \\  l.ii  II  111  lit  111  I  1 1  -jH .  t  -  ,1!  •  -  111  n\  mil  lit 
for  the  (•i)nv»'r>iiiii  ul  .  |)ii\m-i  intn  iiu-t  lianii  .tl  ])o\vi'r.  I  1  lil.tru  ,  lfi'\laiid. 
Mill-  W.dkiT,  and  I'tltci-  li.ivi  vvnikid  .  n  tin-  [.i.^M.-in  with  tin  i.i>ji-i  t  id 
jiiiidiii  iiii;  .111  iiidiKtiDii  iii.>t..!  will  -.'  ]i..\w  i  t.ut.ii  -li.il!  In  iinitv  i.\i  r  a 
widr  i.ilii;i'  lit  load,  but  tin  liii  I  ■  I  ti  i  -  1  \  (u-  wliu  li  \\  ill  1  •  iiiin  iiid  unix .  i-,il 
adoptiiill  ll.l>  imt  \it  Inill  r\.  hi.!      Rrli-lilln  -  aii    lU.id.    Hi  (  li.ijit' I  \, 

ini  "  Iiidiii tiliii  Ml. till-     t.i  -i.ii;.  1  !  till  nu  tlii'd-  111  iiii])ii.\  in:^  till  ]i..wi  r- 

laituf.      Attl-lltlull  m,l\    In-  -[11  .  I    .'\   '    '111  il  ti.  tilr  d.  -I  l!|l'l..||  I'l   .Ml     I  Mill  - 

WDik  uii  pajj;i'>  7."^'!  I.'  ^.i/..  ..lid  !■  1  M .  >iliril>iii-  .11  !.iiii;i  nil  lit-  i|i.ii;i  7>'S  . 
hut  thi'iv  an-  ctlK  i  ii  ti-u  m  i--  t'.i.  ii^li.  iit  tin-  ili.ii'tr! 
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Elk  TK  ".'/r    V  S/  ur:c'  .>,■  .l/.i.v 


PhiiM  Aiii'iiiinrs  /or  Imduaum  Mt,i,,r^  \\\,-  ,  hi.  t  ,  ,,ii-„-  ,,t  ihr  l.i-Liiiii; 
Ix>w»T  factor  (it  ,in  in(Ui.Ti..n  motor  iluc  to  i|„  i,,,  i  th.it  .,  l,,ui  wattle- 
.  nil.  Ill  h,i.  to  i.,  -.uppli,,!  l.\  !  _~tator  tor  mainfainiiiK  thf  ina).Mi.  tu  field. 
Ill  i.N)5  l.i  i.l.iiK  pointed  out  til  It  U  the  niuKiietisinK  ciim  nt  ii.ulil  In- Mip- 
plit-d  by  thf  rot**  in  w-*»rh  the  current^  nr-  <.t  much  lower  ix  ii»MHcity,  this 
eali-e  of  the  low  powt  i-la.  tor  w.mM  1„.  i,  n:,.\,  .l.  ami  il  ti.e  iiiaeliiiie  ruuid 
aI>o  he  over-.  \.  ited  :t  niif,'lit  -  v,  i  i.,k,  a  leailiiif;  iiivteail  of  a  lagRinn 
curn  nt.  To  provide  -ik  li  a  lUat'iK  tisiriK  i  ttrrpnt  it  is  ne(  i-ssar\  to  injrct 
a  sHitahic  E.M.F.  into  the  rotor  l  in  iiit  In  <  ,,niii  i  tint;  t..  it-  -lip  tint;-  a 
-iiitaMv  designed  machine  which  is  now  known  a-  a  j'lia-.  -advan. .  r.  Hie 
Mli.j.vl  has  he.-n  de\.  1.  p,  ,1  l.\  Kal.]..  Ml!.  -  Walk,  i  a  lid  ,  •!  Ii,  r-.  Init  lack  <.| 
.-pau  prevents  us  Irora  deaiiiiK  with  it  in  d.  tail.  Hi,  m-  phase  advanc  is  do 
their  work  admirably,  but  therr-  is  the  flisadvaiitaKe  of  an  adihf  iona]  ]>i.  c(  .  f 
inovinu  iiiai  liii).  rv,  which  ha^  l.e  [...w.-i-drivi  ,i  th.aitjii  ih.  powrr  le.niii,  ,1 
is  (piite  small  coinp.irrd  with  tin  capat  itX'  of  tlif  indiu  tlun  motor  :  erve<l. 

Us,'  of  Synchronous  Taking  the  esH^itence  of  induction  h  ads 

giving  rise  to  truublestaw  la^'^iiij;  .  mi.  nt-  a-  -^i,  -,  nt-dax  la<  t.  ,itt.  i;';..ii 
has  iMvn  given  to  nierH.K!-  oi  inti.diu  ii.g  mt  the  di-ti ihution  ^  t.  in 
t-elf  leadin,'  ,iii:riits  Hcii,  wlien  .  oinlnned  »ith  the  lagging  ciirrents, 
-tiall  hnng  the  j)ower-fa(  i.t  -4  the  whole  to  unity  value. 

These  are  also  known  a-  '  hase-adv.'driTs,  itm\  tor  tin-  pnrpo-e  will- 
l.iaded  svik  Iuohoiis  \..  .  i;  -..r-  .i--  iiecpientlv  u-ed.  Such  a  motor  is 
iietessardv  |).iiately  .  \cit.  .  -i,  j.uge  tm>),  ami  the  piiase-aiigle  uf  the 
current  it  t  ik(  -  deju  nds  uj**  th<  -xcitateon.  At  normal  excitation  the 
phase-angle  should  he  o°  and  p  w,  i  i  tor  ..r  ihe  m.i.  Imir  imitv.  If 
under-excited  the  motor  takes  taggiiu;  cuir-  nt-.  ,n  ,<  w  ,.\,T-e.\cit.  (l  leading 
curr<  nts.  The  most  economicai  eftr-t  is  f«-oduct<l  when  th*-  motor  can 
be  well  loaded  mechanically.  Tie  mnor,  if  it  »s  to  gi\e  large  <mt-of- 
phase  currents,  must  bo  larger  thm  M  it  is  to  h-  run  at  unit\  jiower- 
taotor.  hut  it  is  calculated  that  a  k=i;c-  m.  *.,r  i  ar.  de-igned  to  give  a 
leading  wattless  current  ho  per  cent,  ot  iT-  kilovMS-amp  re  rating  at  an 
increase  of  only  lo  i^r  cent,  in  its  cost.  a  cmnt  oirresponds  to  a 

leading  power  factor  of  o-,S. 

The  self-starting  syiuiwonous  motor  rhe  Laataitee  Dynamo  and 
Motor  Company  described  on  page  716  is  f«FticaiMl»'  Well  adapted  to  act 
as  a  phase-advancer,  since  the  exciter  (Fig.  7281  c^  readih  h.  aiMiigid 
to  give  the  necessary  over-excitation  and  tlv  macln».  (an  -taiul  .i  heavv 
current  overload.    It  is  also  selt-syiu  hioiii 

Use  0/  Notaries.— Thv^v  can  also  be  utilis.  d  as  pi5*^-advai<cers  on  the 
A.c.  side,  whilst  supplying  continuous  ciirrmt?:  (  b  fht-  r^,  side.    Th«  v 
have  a  great  advantage  over  tin-  synchidnoii>  m.a,,,.  ...  thrwiaf(h  efticienc^ 
and  greater  syirchronising  power  on  heavy  ovei  1.  ..ids.    jj  tfae  fitM«>xt  itation 
is  of  the  correct  value  the  back  e.m.f.s  generated  m  ilr  csmimt^  bv 
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•  1.  .t.ititill  (if  tllc'  .1!  liLftUI  (  ,11 '  -11'  li  .1  !•  ■  .  111-.  I  li.  ,  111  !  I  hi  -  1 .  !■  1 1 1  il  (■ 
.:i  I>.li^-    i,>'it  i!  V,/    I'l  l>i-        ill-Ill'. lit'  .1  >i-  t..  tis.    j'l.'jirl  ,li-llll>i'.tl.  n 

.1  mutur  anil  lii  IIi  lati.i  .iiii.  nt-  i:,  til'  ilm'i  ii-iU  |>,i!t-  in  ('h.i-'  with  tl;i-^> 
ivnk  1  .M,  f.^  .tll'l  With  till'  tiirw.llil  illlMli;:  \i>lt,ii;i-  III  t.ut.  thi  iil.n  hllli' 
will  inn  at  iinit\  ]>..\M-r  t.iitiT  with  ciiiiint-  .util  \..lt.iu:i-  in  ph 


|!   wh.  ii  tl 


n  ,ilt.ii;i' 


l)\  iuu^  tli.it  tli^-  iimti'i mil;  l  Uiii  iit-  w-iiiil  iiiuiiu  iit.ii il\  im  i( 
iifiatiir  ftuii  itt-  ilimini-lt.  ainl  tli.'  iii,i' 


.1 


;l.  !i    It    I  ,11111. 't    I  I 


.I-  it  mii-t  I  nil  -\  11.  Ill 


w.Mihl  ii  iid  t.'  inn  l,i-ti  i . 

1  1\    will:  t!  M-ili  n  \  , 


\\  ,,.it  h.iiipi  ii^  in.i\  I"  .  spLnii.  .1 
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w  ! !  1 .  1 1  1  -  w  !  i  1 1 
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•-'1-  .l.-'iili,.!  ni  til.-  r>  li-pli.'iii-  -.-.ti.'ii  •■.■•II       III.-.    .11.  -iiiiu''! 
|-.ii.illi  l,  ,1-  -lii-wii,  il)  ti'  "|'~  '■' 

.        ;;i.-n(.  I'.ii'-  |.!.i...l  111  ilu-  '  "'  ' 

-■•  -. .  II  II!  Ki_   !  I  !i.-  II. '\  I-  ^ 
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li!         th.    1-.-.   '  !    t.:i    I'  mini, I   .,.>.'  11   111  .  I'l  iti'i!     ;    I-  1  •  ■!■  'i;  'tin;; 
.  --.11  \  i-,i]i,i'  M '-. .  ;  ll'!'   XI  .\,  uivi  -  tin-  \  1 1'.  •    I     I  .11:' 1  ;  1:1  - ■ ,  i  - -i 
ii--u-  ].-\\.  1  1.1.  t. -I-  li.-iii  iiiiit\  il.'Uii  til  .14,  l.il'-\v  wliiili  till-  \  -'n.  -'1 

t.!:':;i  lit  ill'  I'  .1-.'-  \.  i\  i.i|'i.ll\-. 

insulation  Resistance  of  Networks,    rii  m.iint.  u  in.       '  m- 

it  .  II  I. -r'      '   .'I  .1  .li-tiil'UiiiiL;  ii.iw.'ik      ..l.\-uiu-l\  d  iiiii" -1 1  ■  ii- .-, 
I,  t  ti"iii  til'-  ].'"  "I  .  M'  i:j>;  will,  ll  l.-..k.iL;-  -  iiiv.ilv.-,  in  vii-\v  ..I  ili.-  -.'iii.- 
Ii-,i-ti-.ni- .  tfi .  t    .'t  w.iiicli  lint;  .  nil.  nt-,  wliii  il  .m-  nliu.-il  i"  .  1-.- 

Ili'-  •ii.i!t--i  h.i-  1  't  .-',i("-.l  till-  iii'liii-  .'I  till-  l!",inl  .'t  Tt.i.l.-.  wlii'li 
t-  -' I  i-^M  ,!    11-.    iii'l  ,'l-"  'In--'    I'l.itn-.-  t-.  tlii'  .  win    l'-\v  .iii'l 
.illllli  |.;.  -  Ill     ..ik-.   Ill-   !ll'-   1' ■!!' 'Will;;   .  '.lU-i  - 


I  I'm 


■I.    M<i:ilt,  iljiu^    ,/   //'>/(.'.,/,,.;;     -'I'll.-  |ll»ulatk.|l  nt  .A.I  \  ].!.! 

.ii.uit  iiM.l  I.. I  th.  Mijiplv  ,,|  iii,i4;y  .  .  .  -lull  l.f  M,  uiaii!t.tiii.  : 
that  thr  It  akag.'  l  urn  nt  «liall  not  un«l.  r  am  <  <.n(Iili..ii.  cxo  .  <l  i.n. 

tli*>u>aii<ltli  pait  (it  the  niaxiiiimii  .  un.  i;t   !  -nit,,l,l,  i, 

-hall  Im         idid      th.  iii.li.  ati.'ii  aiiil  I...Mh-,iti..u  ..|  i.  .L      -  i  , 

L  ikay.  -h.ill  l.c  i.  iii.  iii,  ,!  \vit|„,tit  (li'lay.  Kwrv  mi.  h  tii.iiit  >Ii,.; 
Ik  t.-ti.l  loi  iuMilatioii  at  lia-t  uiur  in  i  vt  ry  \v.<  k.  ami  th.  nnd.  i 
takt  r>  -.hall  duly  ii-cord  th.  n  >iilt-  ..f  th.  t.  -fiiiL;-. 

■■  .;4-  '"'"'<■'"//"«  of  /./J///  //,,,.  1|„,  j.,,,^. 

I'.  i  ti.'ii  with  (  ,11th  1. 1  t!i.  iiit.iiiii  ihatc  lOii 
(hutor  -hall  lu-  made  at  tnic  |Mitiit  niilv  oi 

I M' h  (li-tin.  t    M.iiit    n,i!ii,  |\    .it  li,. 

  111^  -t.iii'        .il> -t.iiiMii  <'i  ti.iii-i.>iiiirr.  .itii: 

th.'  iii-ul  iii  1  ..1  til.' .  iii  uii  -h.ill  !>.•  cltKu-ntK 
maintain. .!  at  ..11  ..tli,  r  p.  > nt- 

"  Thi'  l  lll  Irllt  III  iltl  I  \.    lilt.  1  111.  lil.,!.   ,  .11, 

<hi.  t..i  i. .  I  .I'lli         |„  ,  ..nni:ii..ii-i\  !• .  ..i.l, 
•  iiid  il  il  at  any  liiiif  ixcit-d  i  lu -tli.  ii-andth 
part  «'f  tin   inaxiinnni  >niiiilv  luii.ut.  >ti'ii- 
-h.ill  1.,    iniiiii  iliat.  ly  taken  tu  iin|)i»ivi:  the 
ii!-nl.iii. 'Il  1. 1  til.  -y-tfUi." 
fjiiiti-  apart,  thftihiri-,  Ironi  (.thir  o.r.>idfia- 
tiuiis,  the  inaii.i-.  i-  (.1  pi'ldi,-  -ii])|,|v  iiiiil.  itjkin^- 
.iic  tind.-r  >I,itiiii.i  \  ..l.hL;atii.n-  t..  t«  -t      1 1. -i lu  alK 
ni-nl,iti..|;   .■!   the  .li-ti iImiI.t-.  aii<l  all  con- 
■  liuti.i- V.>Mn<i  ttd  tluntu.  and  tn  maintain  cuni 
it'-iilatii<n  witliin  .-.  itaiii  limit-. 

"  ■      1  '  '  '  'li.  .d  t.  -I-  1.  i.d,  !  d,  -il,,;  !.  tin  pn 
Ml, 111.  lit  iii-iailat:.  h  in  tin  pLWif  vi  -uh-taiitm  c; 
-oin.'    .  ,1-ih-    ..p.  r.iiid    f.-tiiii:    t  i|iiipini  nt,  atu: 
-I\      I. -tin,   juii,  I-"  li.iv.-  In-Ill  d.-vi-ed 
with  tin  \-i  V    .|  . i.iii|.l\ iiiL,  un!i  ilir  li.Mi.l  .,|  Ti .ul..  ivtrulatii.n>. 

' '  iiu  .  in.  lit  -'u  h  a  t.-tn  p  :n.  I  i-  .piite  -iiiiiil.-.  a-  can  Ik'  a-c»-r- 
tali..  li  1>\  m-p.-,  tin.:  l-i.i,'.  will,  h  -li..\v-  .li.,--  Mnm.iti,  ,ilh-  il, 


ftlui  wire  t  , 


■  f  .. 

le-l 


.  ill 


I'itiuns  ut  .1  -t,iiid,it.l  ini.l-wiiv  t.-tin^  p,ilu  1,  ,.-  .1  -;-i„,|  |,\  tli.  r.iili-I. 
WeM  111-11, )ii-.  (  .,iiip,,ii\  I  h,  nil, 1,11, ■  -.viiv  ,>|  t|„  till,.,  wii.  .h-iiilmtion 
;-\-tuii  !-  ,  .Miiucte.l  I..  .,iith  !lii..iich  (i.l  a  lii.iiit  hu.ik.  i  with  the  M-ii,il 
tup  .oil  an.l  nirr.  nt  liiniiinu'  iv-i-tan.-.' ;  Mi.  :iii  indicitini:  ainin.  t.  i  . 
(111.  ,1  kill!,-  -wit,!,  ;  ,,,1,1  IV  .,  „,,,:, In,:;  ,,111111,  t,  i .  A-  in,  ,lir,-.ti,in  of 
th.  ,  uii,  nt  II:  ,v  Ix  .  nil.  I  i.,w.,i,l-  ,„  ii.,in  tlu-  e,,rtli  pl.,'>  ,  th.-  tw...  ainm.-t.-r.-, 
p.>l.ni-.:<l  in-tnini.  iii-  ulii-  h  indicati'  the  diivoti.m  a-  wdl  a<  th.-  mayni- 
tii.l.  ..|  th,-  .  iiir.  nt.  ,,nd  th.-  1.-.  ,.rdin-  ainni.'tfr  fulfil-  ..ii,  ,.t  th.-  . . .n.ht.. -n- 
in  ro:;ul,iti<.ii  ;4  {/,  .|ii,.(,.d  al...v.  .     Hi,  knit.-  >wuc  h  1-  f  <li-.,.niu-ct  the 


Tf  uiS'.  Is  vr  All  '\  ■.   /..V  .\'f  T.ri'K.v 


nth  will  II  II,  I  (— arv,  t  nlui  t'>r  tnakitti:  »4i!iir  i>t  tlif  ic^t-  i!i  »<  iiIm  i1  l.it.  r 

I    Inl   .lllV  I'tlltl  j>Hr|»«>»i'. 

Ti'^lini;.  T!n'  Boaril  of  Tr,n|f  n  i;til,itii'n  ■pii'tiil  .il"'\4  t-'t  ilii'  "  nt.lln- 
^  n  ui.  i-   ■!    Ml  'i.'Wll    til.it    i!m     I  it.  Mil    -lull    I't     t.  ".it 

|..i»t  .'iii<  111  i\ti\  w.ik,.     iikI  till-  I-  ,il-.p  lit  >ii.il«if  till  nihil  ii.t«i>n» 

ThiTf  .Iff  v  .irinii'  ttii'th'nl-  ilt -rrilH-d  t  Nt  wht  rf  in  tlii->  Ixink.  tur  ti-stiiit; 
il'i  in-iil.itii'!°  ri  «i«tain  !•  nt  »  kixIhi  tm- \«  hit  li  .nr  ii-it  i  i'iuiA  iiii;  iiirrt  iit-. 

•  tht  r  than  tlsc  c  urrent-  n>fil  fur  f'  -tiiiL;     It  i-.  linwi \<  t  due  ni  ihri  'ii- 
litii.ii-       -n|']il\ iiu  I  111  nil  iiiiii;\  i"i  I'liiijii   huhtiii:;  |iiii|iii  ■  ■  thit  tin' 
main-  -hall  nut  l>f  iIim  unnn  tid  nr  lii  i  niiif  "  ili  ul.    and  a  jxiii-dii  al 
,onn>  i  tion  lor  mf  i«l\-  rimtine  testing  wiaild  violate  tlii-^  ronditum.    \  "T- 
•■in.if'K    it  i-  11"!  ini)'i.--!Mi  tn  (li\i-.   ti  -t-  l"i  im  ,i-ni  iim  with   -iiili.  i.  iit 

cruiai\  the  iii-iilatii '11  i.  -i-t.iiii  i  i.i  li\i  .iii  iiit-.  .uid  .i  li  u  '  I  thi' 
-nnj)K-r  t: -t>  •■t  thi-  kind  iii.i\  1"  hrirfly  rt  li  rr<  d  u<.  iin  ii  .-jMi  ialh  tti<- 
T.  itiiiL;  "I  |ii\v-vi>lt.i)4f  two-  and  thri  i-wir«'  networks  wiul>t  not  init  rniptint; 

-M].]||V. 

\\;ili  '  j\\..\\iri'  lulwnik  till-  -mipli-t  ti-t  i-  t.i  iiii.i-iin  with  .i  -nit- 
ahl'  \iihnu  ti  i  III  kimwii  ii  -i-tan>  <'  ■>   the  viiltat;<-  v  In  twi  >  ii  tin  -J-  .md 

—      -ide*  of    the    -\-ti  111,   and    tiie    xiilta^e-    V,    between    thi'   -|        •  OIl- 

Iiiitni  ,ind  a  ^■■1,1  ,  nth  .iinl  \' .  !"t\\i  in  tin'  —  .iiid  the  -aine  iMifli. 
I  ll. -e  tr  -t-  ran  1"  iiiaije  i.iindU.  .uid  li.'in  tliLii:  llii-  iii-iil.it li ai  n  -i-talii  i-i 
i  f  each  wile  of  tile  -v-teiii  to  i  artii  ean  be  calculated  by  the  equation-  : 

V       V,  -Vj 

«•  -  ''• 

\        V,  -  V, 

r.  ^. 

•.vliere  R,  i<  tlie  in-iilatioii  le-i-t aiiii  nf  the  -|-  'and  Rj  tliat  nt  tli.-  — ' 

r.  .pilui  till  , 

1  1  tile  til  111  -Will  1  a-e  tin  111  tw'  1  k  i-  n  'iitniually  under  te-t  ii  ii  ^uLit  !■  'ii 
(pnfiei'jihi  be  coinphedwitli.  Hut  alt  If  'iiuli  a  ciin  liil  -liidv  ol  tln'  il.nh' 
chart  of  tile  recordins;  ammeter  placed  "n  the  fartli  loniiectinn  of  the 
niidille  wire  i.'i\i  •  v.tluable  intnrmatiun.  and  woidd  at  oiice  u  veal  any 
sudden  -erioti-  and  I-  .1  cliani;i  in  tli.'  iii-iil.it  n  .r,  1 1 -i-taiii  •■.  tin-  iiiiiiiits 
recorded  nri'  the  ilifference-  ol  \arion-,  leakaf;e  ciirnnts,  and  do  not  by 
thcm-elvrs  pive  a  test  from  whi<  h  the  actual  in*uhuk>n  re-i-tano    an  lie 

•  ul.itrd.  l"or  in-taiiii,  in  tin  ium  i ■  il'al ilr  <  i-i-  ol  i  \a.  tl\  -iinil.u  .tiid 
-ericn-  taults  developini;  .it  tin  .nin  time  mi  the  -|-  .ind  —  oiitii-, 
the  ncordinp  ammeter  woidil  yive  no  indication.  Other  te-ts.  either 
-iipp!' if.i  i;t.!r\-  oi  ipiiti  ilitleri  iit,  .irr  therefore  iiei  i  --,irv. 

<  Mil  ol  the  >iinple-t  o|  tlu-i-  w.i-  wotki  ll  oiit  bv  ])r  .\.  Kn— ell  and  l  om- 
iiinni.  .iti  ll  to  the  Iii'^tilution  I'J  lilii  tnciil  I.  i.lidu-,  )  s  in  ii|Oo.  |  hi  ,  inri  iit  tioin 
tlie  middle  wire  to  earth  is  momentarily  interrnj>ted  by  .i  -witdi  >  iImk. 
io59)i         t'l*'  r-"-  ('  i)  hctween  tliat  wire  N  and  the  earth  mca'^nn d  on 
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a  Miltiiirti-r  \  ;  tlic  ciivuit  i>.  asain  ma<ir  tiiiiiu,L;li  a  known  ri--i--tanct'  c 
;  -  il  the  IM>.         a«ain  nit'asurt>l,  or  tlu-  currt'iit  (/!  passing  to  earth  i- 
ni  .i-uiid  I'M  .111  .iniiiirti  T  A.    if  ntnv  thf  insulation  resistance  be  denoted 
1>S  K.  it  I  all  lie  -hi  \Mi  tli.r 

i;       ' '  7  '  -  '  t 

wllrlH  (■  1{       '  '  •         •         •  •         •         .  'J 

or  r,      I K      ;  I  ;       .        .        .        .        .        .    (  ;) 

from  wiiicli  tlie  \aliu-  of  K  lan  be  readily  ealculatnl,  tin-  ii-Ntaiice  r  in- 
cluilin;^  the  resistance  of  the  ammeter.    Objection  has  been  made  to  this 


>.'<59-  f  i~.  \,  f>i-  Hi<;.".3''' 

Melh"Us  of  Tcslins  tha  Insulation  Re»i»taiKe  of  a  Three-wire  '"Live"  NetwoiK. 

test  because  it  removes  the  earth  from  the  middle  wire  ftir  the  few  >ei('nds 
ni  l  r^x.iiA  to  ulit.iiii  till-  tii^I  ii  Miliiii;  ;  ,  ot  tin  \  ultnu  ti  i",  iiinl  liv (lo:iia; 
allele  tlu-  potential  ol  tin  middle  wire,  Hie  alteration,  liow<\rr,  be-ides 
bein^  of  short  duration  will  not  be  very  fireat  in  mi-st  cases  in  practice. 
There  i^  tlie  .ulilitii m.il  oliji  rtinii  tli.it  tlii-ir  in  i\  1m-  .i  -  it  <  Imiil;'-  in  tlir 
insulation  rr>i>taiiir  wliii-t  tin-  >\viti  h  niini.  hut  tin--  i>  not 
pro'  able. 

To  ,u;et  ovir  the  dil'lieiiltx  ol  hreakiii;;  the  earth  eoniiection,  howiAer,  Drs. 
Kajip  and  Coaler  in  looii  |iiii|iiw,(l  to  take  two  leadiny^  of  the  anuneter  .\ 
(1'il;.  '  \\       ililfi  iriit  \  .iliii  - i 'I  ) ,  ami  /  _  ol  the  ti--istaiiee  »  so  adju-ted 

that  the  cuiieiii  ill  A  with  the  >inaller  iX'si>ta.Ke  {r.^  in  circuit  is  e.xactly 
double  that  with  the  resistance  (r,)  in  circuit.  The^-e  tests  lead  to  the 
e(iuatiun>  — 


7'f:  -        /.v.vr/..)  r/i'.v       /./■  .'  Xf  ruVKK 


» "it'; 


wlu'iii  V 

.Hill 

xvlii  Ti'  r 


tli<'  .iiniiii  ti  I  ir-i-t,iii.  • 
in-truiiiciit  mu>l  :h'  "Iu-  tui  ri  .nlin 
Ii-  iif  <urh  sen-itivftu 


K  »,        -■»_.  .  .  •  r 

wliii  li  i-  II.  ■!  MMpi  iM^'  ~mi  <■  th.' 

-IlKill  I  1111.  lit-,  alul  -li.'ilKl  iMrliiahU 
tliat  tilt'  larircr  ciiiniu         -  ihmiK  tli<'  tul! 


.i.'llr,  tioii.  Til'-  t.-I  ic -i-t.uu  r-  ),  ami  -liMiikl  tn-  diit.iilK'il  trotii  ,i 
-r.Mlu.itrtl  ri-i-taii(i-  witii  a  -Inliim  inutait. 

AnutiuT  wtll-known  tfst  with  tlu-  -amc  .•l>i>it  i-  Kii>1im1  -  I  u   i  M 
111  wliiili  tlu-  amnifttr  and  the  rt>i>tanrc  r  in  -.li.-  witli  it  air.  attn  tii.' 
luiic  iu  /  has  bwn  natl.  shunted  with  a  ivM-taiit .■  nt  iqiial  valu.-.  and 
the  ctirrent  (iJ  thnmsh  the  amtneter  atrain  read.    In  thi-«  ea-e  tin-  (.juation- 
are — ■ 


IK  ' 
JH  /  . 


whence 


ir  I. 
K  (-*'•< 


I., 
'.• 
K 


('• 
0 

{> 


(: 


■'<) 


t4) 

(5) 


Ei|iiatinn  (41  ^hnw-  tiiat  t>nl\  tli. 
and  till  T.  lure.  it  the  f;aK anniiieter  1 
He  i>i upui tiiiiial  t(i  till'  iinii  iit-  ])a 
>tituted  (or  the  aetual  euiimt-  and  ..luali'm  f. 

The  two  last-named  te-t-,  Kapp  -  ami  R.ipiia. !  ai 
of  the  ohjections  to  Riis-ell's,  naniely.  that,  as  twi>  r 


.1  t!i.'  ■  uii.  lit-  II' ' d  1"  l.;;"\\ii, 
•  maduattd  m)  lliat  it-  ale  i.  adiliy-. 
-iny,  it^  delleotion-.  d/'.  inav  l>e  -uh- 

u-  il  111-t.  ad 

n  t"  tin-     '  "lid 

dnu-  li  i\.    I-  1"' 

taken.  >hould  the  in-lll.ltion  iv-i-tan.e  K  ciiantje  ap|ileelal>l\  l>etwe.  n  the 
lir-t  and  the  second  readim;.  the  te-t  i>  vitiated. 

Each  o(  the  te-its  iiiea>un  -  the  total  in-nlation  \<  "I  th.  ii.  tu..ik.  I  nt, 
if  the  le-ult  i-  low,  !,'ive~  no  indication  to  the  jiait  ot  the  -\-ti  ni  -|-  , 
— ■',  oi  iiriitial.  on  which  a  -eiioii-  fault  ha-  develop.d.     In  tin-  ca-e 

it    i-   de-ll.d>le    to   tr-t.   it    po— iM.      til-    1 1 1-U  1.1 1 L '11    Ir-l-I.lll.  e   K' ,   "I   til'  -|- 

and  that  ol  K.,  ot  the  —    >id.  -  -.11,11, it.  ly.  ami  ,il-..  tli.    iii-iil,iti"ii  i. 
si^tance  K„  of  the  neutral  wire  when  not  connected  t.>  e.irtli 

Til.'  m.i-t  inip.'it.iMt  of  tli.  -.-  threi'  in-ulati.'ii  i.-i-t.iii. . -.  K,.  K„.  .111. 1 
K.„  IS  K,,.  thai  of  the  ii.  utMl  wn.'.  Iiecaii>e  a  -.11. .11-  l)iv,ikdo\\  11  "I  in-ulati..n 
on  cither  of  the  outer  wires  ■  .uld  In-  indicated  hv  an  i-i.  le.i-.  111  1  li'  '  u: ; '  ni 
tluou-h  th.'  r.  c,,rdins  amnieti  r  in  th.-  e.u  tli  .  .>nni'.  ti.-n  ol  th.'  ii'  Uti,d 
wiiv.  Dr  Kapp  and  Dr.  Coale-.  in  th.'  pan.  1  alii.tdv  ref.rted  t...  -h..w 
how  th.  -'-  i.-i-t.iiu  >  -  iii.i\  !>.■  111.  a-nied  l>\  t.ikiiu'  .id\.iiit,i 
of  Trade  regul.itioii,  which  allow-  a  v.aiatioii  oi        4  1 


t   til.-  lio.lld 

.n:    111  the 
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prtssure  dii  tlir  i'tiii^unKr'>  j)rt  nii-i«.  Tlif  tot  consist;-  in  fu>t  ol  all  kit  piiu 
the  v  Uaee  (v)  bttween  tlic  outtrs  quitt'  constant  durinj?  the  period  of  th' 
test,  .uiil  ill  .ih(  riiii;  tlu-  \iilt.ii;r  hi  twn  n  tlir  mitiT^  and  tin-  middle  wii. 
so  that  ni  ihr  lii-t  tot  the  In^lu  i  \Mlt.ii;f  i-  on  tlif  -\-  >idi',  and  ni  tli 
second  test  this  higher  voltage  is  nn  the  — "  side.  The  low  reading 
ammeter,  A  in  Fig.  i.jfw,  is,  with  its  series  resistance,  kept  in  circuit 
durin${  the  two  tests,  and  the  voltage  In-tween  N  and  earth  is  measured 
either  diii'  th  or  iiidiit  i  tl\ .  Witli  tli(  ~i'  data  and  a  knowltdge  of  the  in- 
sulation loistanci'  K  ol  the  nlu'le  ~\>tini  as  ascertained  h\  one  of  the 
previous  tests,  or  an  eijuivalent  test,  the  resistances  r,,  R„,  and  Rj  can  be 

Automatic  Sub-stations.— The  aiijiaiatus  in-tailed  in  some  of  th. 
types  of  snh-stations  described  in  this  eliapter  is  so  simple  that  it- 
operation  with  automatically  acting  regulators  in  the  sub-station  itself, 
together  witli  remote  control  from  a  distant  j)oiiit,  sudi  as  the  switchboard 
of  the  gener.it  -tation,  is  evidentlv  a  jiroblent  which  m;iv  not  pre-ent 
insuperable  dilticulties.  EsjX'cially  would  this  be  the  case  in  sub-station- 
containing  only  static  transformers,  but  where  there  is  rotating  machinery, 
siuei— fnl  oiu  ratioii  without  the  presence  of  attendants  in  the  sub-station 
is  not  (jiute  -o  ob\i(ui-. 

The  problem,  however,  lias  been  successfully  solved  during  recent 
years,  more  jiartienlarK  in  the  ia<e  of  -nb--tations  on  tran-mi— ion  and 
distribution  svstems  -uiipKiiiL;  ])ower  lor  deetric  traction.  .\s  ilie  coii- 
(Uti'^ns  ,u'e  -oiiawliat  special,  it  will  he  more  eoiueni'-nt  to  i>"-tpone 
lurther  reference  until  we  are  dealing  later  with  the  whole  -ubject  of 
"  Electric  Traction.' 


CHAPTKK  XIU 

PROTECTIVE  GEAR  FOR  ELECTRIC  CIR(  UIT-i 

The  development  of  the  iitili-.itiMii  m  l.ni;.-  .ni.mtitit-i  <•(  i  L  .  tii.  r 
f,.r  industrial  .ind  nili.  i  i>uipo-,-  lias  Immylit  int..  i.toniinemf  a  nunilHT 
,|  1,1-nlil.  nH  (lur  t.i  till'  iui-."itv  fur  saf.k'tianlint;  the  <lisa-trnu..  eonse- 
,|U.'n.-.'s  which  may  eUMi.' il,  thn.imh  anv  l.ivakd.Avn  in  tlir  in-ul.mnL;  ■  r 
ntluT  (It  vicfs,  dangerous  currents  or  vultaK.-^  -liquid  U-  d.  v.  I..i..  d  at 
,inv  point  or  points  on  the  einniit.  With  surli  lar«e  soiiR.-  ot  power 
iv.ulaMe  the  ruvrtiv  whi.  Ii,  a-  a  ■  . .i,-,.quen.  r.  mav  wry  rapidiv  eon- 
centrated  locally  ni., .    Ih'  d.  -tni.  tiw  in  "'d  a.,  it   ti-n  dlv 

appears  in  the  form  of  heat  may.  evi-n  if  Miiall.  -tart  a  chain  ul  r\r,  ts 
whi.  h  mav  qui.  klv  I.  a.l  t..  m.-t  mtIous  results.  I  he  danger,  as  may  lie 
i.  a.hlv  Mijip-.-.  d,  beraiiu'  .  \  ident  tn.m  untoward  .  xiieriener  as  s,„,n  as  the 
^ources..l  el..tiic  power  .nil'l.'v.  a  .i-uni..!  .n^incrini;  .inn.  n-i..n--.  I.'.i 
earlier,  when  tlie  currents  and  \.viv  cpute  >niall  ami  only  ,  nii.l..y.  .1  t..i  -il; 
nailing  i)urpos.>,t]ie  necessity  for  K.iarding  apainst  lif;htninK  discharj;.-.  will.  Ii 

threw  en.  ruv  inl.'  tli.'  -U'  uits  !r. .nu-xt.  rnal  -,,iin'.-.  had  t.-  !>.■  iv.-. ,yni-.  d. 

The  particular  pncauth.ns  taki  n  Inr  ^.it.  guarding  telegraph,  1. 1.  pli.'ii.', 
and  similar  circuits  will  In-  more  conveniently  desrrihe.l  m  c  nv  tMn 
with  thoM-  appli.  ati.in.-  ..1  .  l.rti i.  ity  to  tlu>  servic-'  of  man.  rhi>  >.  .ti..n 
will  thereture  be  conlined  to  tli.'  pr.  caution-  adopted  for  protecting  circuits 
generating,  transmitting,  distributing,  or  utilising  electric  p.»wer  --n  an 
engine,  ring  scale. 

Tiie  causes  of  trouble  mav  either  (i.)  lie  within  the  circuit  it-elt  or 
(li.)  be  external  t..  th-'  cin  uit.  Wii.  n  witiiui  tli.'  .  ii.  uit.  they  can  iwiallv 
be  traced  to  failure  ut  insulation  r.-nhiiiL;  in  -li..rt  .  iivuits,  earth-.  ..r  ..tlier 
faults,  and  sometimes  to  disconnecti..ns,  resulting  in  dangerous  ,irc-  lumg 
stru.  k  ,vro>>  tli.'  gap  ,ind  the  rapi.l  .level. >pment  of  seri(ms  cons.  .pience>. 
Such  lailures  ol  in>Uiati..n  may  be  caused  (.()  by  sudden  variations  ot  load. 
(b)  by  faulty  operation  of  apparatus,  or  (c)  by  opening;  an.l  .l.-mi;  .  ii.  uit- 
without  imiper  i-re.-..uti..n-  against  surges.  The  simpK>t  and  m..M  ir.  .lu.  nt 
remedy  l..r  a  i  i.  ak.l..wn  ot  insulation,  rapidiv  developt.l.  isto  bring  int.-  ph.v, 
automaticallv,  s,,r,i.-  kin.l  "I  ])r.it.  ctiv,'  t:,  ar  ..r  •■ .  ut  ..m  whu  li  will  "  bi.  ak 
the  circuit  "  and  thus  cut  ott  the  taulty  part  ..t  t'-,'  liiunt  tn.m  tli.  n.  latmg 
source  from  which  a  dangerous  supply  of  .  nergy  would  then  be  drawn 

In  the  second  cas*,  the  external  -  .nr.  .  "f  the  mischief  may  lie  a  lightning 
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(li-.cliarf,'o  (If  a  Icakagf  from  a  in  inlilmuiini;  <  in  iiit  whii  li,  i'^|H''cially  i»  tli'- 
case  of  liKhtiiini.'.  may  In-  lonvi'iiientlv  dralt  with  by  pmvidini,'  a  suitati'. 
altfinativi  i>,itli  "i  ji.itli^  fur  tli<-  fuii  iL;ii  i'iu'it;y,  thus  k>'r])ii)ii  unatli>cti  i! 
thr  liiiiiit  \vhi<  li  i»  til  be  prut»i  tiil.  1  )aii^'iT»>ii-<  >tati>'  <  liaii;r-<  (hie  t>. 
atinospluric  causes  may  also  accunmlate  i>n  ovorluad  \virt'>. 

I.  -HSI'S 

Till'  cailir-t  ((Mill  c'f  lHotrrtiull  fliiin  i!,ili:^r|ciiw  iinit  nt-  ih.iwill::  tllrii 

t'lU'r^v  from  tli.-  iicin  iatur^  nl  tlir  ^\^t<  iii  i-  ihc  siifity  tii^c  >>\  lu-ibl'-  "  i  ut 
out,"  an  t'arlv  form  tit  wliicli  is  shown  in  l^'ii;.  Tlie  principle  i-  iloubt- 

U'^>  t!i'iriiut,'hlv  familiar  by  lhi-«  time  to  ino^t  ]ii(ii>le.  A  short  li-nijth  ol 
ea-ilv  fusible  conductor  of  much  hifjher  resist. iine  />.•<  /(;(//  lon^tli  than  thf 
neighbouring  conductors,  and  technically  known  a-  ,i  fus,-.  i-  in-i  itnl  in 

the  circuit.  The  tu>e  i.-  ot  >ucli 
dimension  ami  material  that 
whiKi  c.iii.iblr  111  1  ,iir\ inu;  tin- 
normal  Miaxnnuni  curri  ii*  witii- 
out  becomini;  In  it.  it  will  fuse, 
iir  "  blow,"  ,i~  it  I-  I  , died,  when 
tile  current  |i,i--mL;  irarlie~  a 
])redeterniinril  .iinl  ,i--um(cl  iLni- 
ij;erous  value  above  the  normal 
maximum. 

Thi^  \rr\-  -inipli'  ]iriiii  iple  re- 
(piire>  in  il>  practic.d  applic.ition 
the  observance  oi  a  numlx^r  of 
-ini])le  preraiitions,  >onii'  of  wliicli 
are  cpute  dln  ions,  and  otlH'r-~  so.  I  lie  projx'rties  of  a  i;ood  fuse  ina\- 
be  briefly  siiiumarised  as  follows  : — 

It  shouUl  l)e  so  mounted  that  when  it  "  blows  "  •\  dangerous  arc 

cannot  be  formed  bv  the  voltaiie  awiilable. 
It  should  "  blow  "  proiuptlv  .is  sdhh  as  tlir  cimciit  for  wliicli  it 
is  set  is  reached,  whether  the  current  in  the  circuit  is  Ix  int; 
increase<l  rajiiiUv  or  slowly. 
It  slio'iM  not  blow  /<i7)i;',  tlu-  (lumi  ioii-  ciur.  i  t  is  reached. 
It  >hoiild  be  so  mounted  as  not  to  become  dangerous  if  maintained 

Ix'low  the  blowing  temperature  for  a  long  jxriod. 
The  fused  metal,  wlu  n   i  blows,  should  not  lx>  a  source  of  jiersonal, 

or  of  tire,  danger 
It  should  U'  so  designed  and  mounted  as  to  Ix*  readily  rcplacable 

by  a  new  fuse  when  it  blows. 
It  should  not  alter  by  effluxion  of  time  under  ordinary  external 
conditions  or  by  repeated  safe  heatings  and  coolings  in  service. 
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Fuse  Materials.    I'lu'  "ui^ils  tiMi.iiK  t..i  tiiM-  .ii<-  ...pi""- 

tin,  or  Ir.Ml.  whixf  ^pccinc  n--i~t,m' ^•<\A.  .u.  i ''S,  i;  ;•■  ""1  -i  '  ; 
mirr.-hm-i  (cm.  mi-aMiro)  roinrtiwly  \vv  p.ii;!-  rsi.  1   .    *M  tin - 

,  r.isAtT'  h;H  till'  (li>i;iilvant;it;f*  "f  In-ins;  a  t  Dmlti.  tnr  u|  l).itli  .  l.  i  tiii  ttv 
,,n'.i  lir.tt,  ,111.1  li.i-  ,1  liii;li  \n-w<  tniM i .i t in t\'<^:  •  ;  it  i-  imt  t.M.ltlx 
ii\uli-i  cl,  I-  laiilv  jKllii.m.  iit  111  -.  iMvr.  .iiiil  r.i^lv  pi.i,  ur.il>lr.  I  ni  li.i- 
,il».int  ciyht  tinu-s  tlu-  >pfcific  u->i>taiu  >■  >.|  .npi,,  ]  '  h^w  in.  luii^  point 
J  C.'.  wlii.  li  i>  iiiucli  hi  low  .1  ml  lit  at.  and  i-  al-o  iLmMi-  ;  ai  ti  iiipria- 
tinv.  appi.M.  liini,'  it-  iiu  Itiii:;  i'.'int  it  i-.  Iiow.'v.t,  i.  a.lilv  n\i,li-i  <l  l.v 
thf  atlll.-pil,  ir,  and  tli.-  lav  i  o|  ..\idr  i-.  H  tin  k  .n..n^ii  -ir.,  nn;.  ~ 
.ultKii-ntly  euhcriiit  it)  i-ik1u~.  tli.'  in»lt.ii  nutal  witiioiit  l.ir.dsiiiu.  thn- 
kc.  pinu  the  rirniit  intact  with  ciim-nt>  ah..\v  tin-  tuMim  l  urn  iit.  I.oid 
Ua-  oViT  tw.'lv.'  tiiiu-  tlir  -p.  .  itii-  ir-i-taiu  r  ot  o'pp.  T  and  in. 'It-  at  .U;  '  (  .. 
which  aUo  luluw  a  rc.l  li.at  ;  it  w  m  i\  du.  til.  aii.l  n.'t  .  a-iK  a.  l.  .l 
upon  l>y  thi"  attnosphcri'. 

riu'  tn-nii,'  i  inn  nt  for  a  jiai  ticiilai-  mat.  rial  i-  di  p.  inU  nt  .'ii  tli.-  l.  tiiith 
aii.l  i^aui;.'  i.l  the  wire  ii-.'l  awl  the  h.>l<l.T  in  which  it  mounted.  V'>r 
instance,  for  different  typ.-  ol  h.'l.l.i-  M.—i-.  l  .ii.mti,  1  t.l  ,  uiv.  tl.. 
approximate  fu>inu  cmr.iit  ot  a  No.  Jo  i.;o  mil-:  -  w...  tmiu.l  pi-i 
wire  at  45.  50,  .-r  7..  amperes.  A-  the  last-nanieil  current  is  neaiK 
t!i.'  fii-l.  it'i-  ..l.vi.m-  that  ih.-  .1.-1-11  ..t  til.-  fu>.-hohlei>  a^  well  a-  the 
^au-e  aiid  c.mductivitv  ol  tli.'  In-.'  wu.  nm-i  1..'  .  iiefiillv  ...n-nlned. 

l-u<r-lioU,'rs.—Ew\\.  howev.'r,  wlu  ii  c.nstrn.  t.  .1  with  a  full  kn..ul.  .k.- 
of  th.'  r.-.piii.  111.  lit-,  th,'  proilucti.in  of  a  fu-e  ami  lu-c  holder  which  -li.ill  b.- 
uhable  under  .ill  couditi..n-  of  service  i-  not  an  .a-y  matter.  The  attain- 
ment of  the  meltinR  temperature  wh.  ii  tli.'  .l.nmer.iu-  curi.  t  p..-.  -  imi-t 
ohvi  Ai-ly  he  a  matter  of  time,  which  may  be  atlected  by  a  ciiaiiK-  m  the 
local  c.inditi..n-.  For  instance,  a  chantje  in  the  ventilation,  if  it  i  antes 
awav  h.Mt  ni.iiv  .lui.  klv,  will  ivt.inl  tb.'  blowiii.-  ..f  tli..  In-.-.  1  li.  n  ...nam. 
if  the  fuse  has  been  oxidi-ed  by  havum'  be.  n  exp..-.  .l  t.,  tin-  .,t  111. .-ph,  1 
for  manv  months  or  years,  its  resistance  will  be  in.  i.  ,i-.  .l,  in..n  h.  at 
will  b.-  ]ir.Hhice.l  bv  a  uiwn  ciinvnt,  the  laver  of  ..xid.'  will  leiul  t..  retain 
this  h.Mt  m  the  metal,  .ui.l  ilu-  tuse  may  i.low  h.  f..rc  th.'  danfierous  cur- 
rent is  reached.  Still  furtlu  i,  tli.-  connecti.Mi-  ■  ■  tl,.-  t.-niiiiial  bl...  k-  m.iv 
!„.  ,.in.-  l.M.-e.  Icidinq  to  i.xal  lieatini;  and  pi  matur.-  blowin-.  Ih.-  t.-r- 
nur.il  bl.'ck-  themselves,  through  hein-  t..o  ma-ive  or  thn.uu-h  the  fuse 
beiiiR  t.H,  -l,..it,  iiiav  cmliict  awav  mn.  li  ..1  th.  h-.it  tli.it  tli.-  .itt.iiii^ 
ment  of  the  fuMm<  point  may  be  appiv.  lably  <l.-l.iv.  .l  ..n  ,.  -L.wlv  n-.n- 
eunent  or  unless  there  is  a  meat  exce-s  of  uirreiit,  1  hu-,  ..11  ti,.-  ..11.  1.  ni.l. 
the  breakiin:  of  the  circuit  iiuiv  be  d.  laved  until  seri..u-  damat;.'  has  ,»en 
d.,ne  -..mewhere  in  tlu-  .  nciiit,  or.  on  the  other  hand,  the  circuit  n.ay  be 
..pened  prematurely,  causing  annu\aiice  or  i  ven  danger  from  the  sudden 
lightening  of  the  load  on  a  small  generating  plant. 
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From  all  till:-  it  follows  that  wIuti  vit  the  importance  <>f  the  tircuit 
or  part  of  tin-  lirruit  t  ho  protected  iustifie**  it.  some  more  reliable  form 
ni  •.lit-.. lit  ■  -h'.ulil  hf  1 1111,1. .vd.  Tiiiri'  niii.iiii,  ln^wiAer,  many  ca^- 
m  whu  h  a  tn>e     the  only  f^r,iituiil  -olution  tr.mi  ( on^-ideratiuns  of  expen-t 

The  cases  in  which  fuses  are  rio*t  widely  \ised  are  on  the  prenii-<- 
>,f  (un-.iiniir-,  wlutlur  doiin-.tic  cr  iiidii-trial.  In  such  cases  it  is  usually 
an  utticial  it-^'ulatinii  tliat  th.'  .iitiiinf,'  mains  shall  be  protected  l)y 
lii-r^.  and  further  regulations  require  the  similar  protection  of  subsidiary 
circuits. 

The  f<illowint,'  tit,'tin  >.  ^elected  from  a  larfje  number  of  Rood  desi«ris 
which  are  avail. iMr,  will  -ive  tlir  r<-a>l(  r  .1  l.iir  id(  ,1  of  tin'  ,i7>]iHaiii->-  \\-"\ 
in  connection  with  this  ni<  thod  oi  protecting  rin  uits  by  liiMlile  (  Ut-i,ut>. 
The  complete  apparatus  consists  of  two  parts :  (i.)  the  base,  which  pro- 
vides (<*)  the  terminal  blocks  .     ■".  '   the  conductor*      the  rirniit  .ue 

]n  ini.i;u  ntl\' at- 
t.iclud,  .md  {!'] 
a  fitting  for  the 
.attachment  of 
the  fu-r  pro]"  1 
and  (ii.)  the 
actual  fuse, 
wliich  is  some- 
!  iiius  a  piece  of 
hare  wire,  cut 
as  required  to 
the  necessary 

Kij.  i.v  v  —  Fu-t.hol.lcr  for  i.  Piotf -led  Fust-.  li  lV'tll      l>Ut  is 

iiiorc  (reiiuently  separately  mounted  more  or  less  elaborately  in  a  special 
luting. 

Fuses  for  Small  Currents.  T!i'-  <  nn.  nt  whirh  a  fu-e  is  int.  nikd 
to  carry  obviously  must  attect  its  de>ign,  and  that  of  the  hokUr  in  wliich 
it  is  to  be  placed.  For  small  currents  of.  say  from  5  to  20  amperes,  the 
f^l^e  is  oltt  ii  ontained  in  some  othrr  fitting,  such  as  a  switch,  a  ceiling 
ro-e  or  a  wall  plug,  anc'  in  th.  -e  ca-i  s  its  mounting  will  be  most  con- 
veniently described  in  coiiiKction  with  such  fittings.  Separate  fuse- 
lioldrrs  ire.  liowever,  standardised  for  these  currents  and  may  be  briefly 
rt  fi-rn  d  to. 

Thr  di -ii^ti  1-  ott<  ii  I'rh  as  to  afford  -oitie  ])roteetion  for  the  fuse  wire 
which  will  rmder  it  liss  su.sc( ptible  to  the  cooling  effects  of  currents  of 
air.  and  at  the  same  time  make  it  triore  dift"  nit  for  an  arc  to  be  set  up 
or  maintaiiuMl  .u  ro—  the  i^.i])  whi  n  tlir  fu-c  blows.  This  ]irotecti(  ii  is 
furnishrd  bv  a  modification  Himdinus  of  the  base  and  sometimes  of  the 
fitting  which  carries  the  fuse  wire.    An  example  of  the  former  of  these 


,i!t<Tn;itivi->  1.  -In  w  ii  iii  l  u.  i  ;  "t  .1  ciit-Mit  nui^lr  l'\  tli'-  •  if  I'l  1 
("oinpativ.  I'f  I.fnil"ii.  I'Ik'  I'.i-''.  incliulinc  tin-  < 'iitnil  j.ii.ji.ti  1  1 
iii.mI.  "\  \  itii  ..11-.  <  liiii.i.  Till-  jiinj.-.  tion  cuntain'  a  rylitulru  In-'  <  h.nul"  1 
lined  vitli  .1  n  li.ii  ti'iA'  m.iti  ii.il  wliii  li  ilm-  imt  (ia(  k  wlnn  lii  ,it..i  .\\\<\ 
l.-ml-i  t>>  i|iii  111  li  .iii\  .ir<-  wliic  !i  in,i\  I"  l"iin'  il  I  In  lu-'-  "im  i-  -li""n  111 
li..-iti<>n  ciitfiiim  till'  rh.imlMi  ilm.n-li  -'."t-  111  tli.  liiiii.i  im.  vmi.'Ii,  A- 
the  nid-  >if  tli>'  \v!ii- 
wuilil  Im  (1"'1i(1  i)\ 
triiiiin.il-  til' 
l)rc.ik  im  (ti-ini;  will 
iii>i-t  piuhahlv  taki 
jilai  »•  witliiii  till-  Imnl 
1  liaiiil>L-r.  i'lii  (li  t.ii  !i 
alilc  cover  i>  ilampi  il 
Mil  til  the  l>.tM'  }>y  the 
-1  ii\v  >  1  iitriiin:  tile 

tlnea.le.l   hule  11..,.  ...-R,f,.,c.,„v  r    -tW.ro    .  .cr. 

Another  inethml  i>  to  ])|ai<'  the  fii-e  ami  tin-  Ktia>  tory  i  hamlH  i  on 
the  cover  a-  -lii  .vn  in  Iml;.  i.',''4.  in  wliieli  the  ha-e.  oil  the  lett,  eoiitalli^ 
two  -i>iiii;,'  (ontait-  11  1  oiiiirrteil  to  the  circuit.    The  nut-r  ha*, 

two  >liiliim  spring;  conta.  t-  <  '  attaihe.l  to  the  erai-  of  tin  lu-e  witv, 
and  when  tiiis  cnvfr  plated  <n  :  the  la-e  aiui  (,'ivfn  a  hall-tuin  these 
*!idt'  on  to  c  c  and  coinpk-to  the  ciiviiit  through  tlie  fuse  wire.    Thi<  modi- 

li-atioM  i-  \'iA-  <  1  qn-,  iii.  iit  it  til' 
tu-e  holili  1  li  1-  to  he  plai  e'l  111  ai. 
awkward    p'l-itioii   wliieh   \\  'iiM 
iSSOR^^^H^^^P^^^^^^^^^^        inak<'  to 

^^i/K^mS^^KMM^ffSt^i^  -h'>\\ti 

in  l-ii,'.  I.,'/).;. 

Still  another  and  neat  iiu  tho  l 
of  providint;  tor  the  fine  a  nar- 
row, ol"-i  il  cliailllK  l   "I  a  -iniiile 
<ier-it;n  i--  >hown  in  1  it;,  i. m 
whirli  the  path  for  the  tii-e  1- 
iini'ii    i"ii.j'r    than    tlh    i  h -i  ,1  iii' ■ 
heiwcll     ill''     liliiimiU     ali'l  1- 
iined    with    a    -[lei  lal    1.  l:.i'  ti.i\ 
Ider  lieiiic;  made  ut  china.     1  he  holer,  /;  /( 
■•upport  and  the  lioles  ti  a  i>ro\ide  for 
the  ^.:rew  whi.-ii  clamps  the  (ovr  to  tin'  ba-e.    I  liu;  oi  th.'  .in  1111  I.-.ei- 
is  brought  to  its  terminal  r,  through  the  reces>  r.  the  terminal  1.  beiim 
reached  through  a  similar  recess  nn  the  riKht. 

The  iu:^e-lK.Ukrs  in  Figs.  i.;,i,4  and  t,jti5  are  intended  (or  currents  not 


t'lg.  1,5:5 —Fuse-holder  iot>en}  ^bowin::  Ku'i:  i  i 

niatei  1.  the  bod\-  of  the  fuse  ho 
are  lot  screwiiit;  the  basi'  to  it- 


.1/  .  V 


111  I'lK-  •..I'M     iii.nli  l<  r  I  uiK  lit 


1,1 


I'fir.T'ti  Hi^li 


-  \.  1 1  cliim  ir.  .luipfiv,  Imt  till'  fu>i -li"l' 
ii|i  t"  ',11  .mi|i'  u  «. 

K.  li.ihlc  ami  v.-rv  w<  ll  in-iilii.  il  Iiim-  L  i  mh  ill  (  uii.  iit-  .ir<'  iciumi. 

Ill  liigli-VMlt.ii^f  tr.iii-iiii>-i>'ii  wmk.    l-"i  iii-t.u'i  i 
siu  h  fu<«'>*  ;tn'  rcquiml  to  pr^tirt  tin-  liiKli-V'  lt.i;. 
.  !nim-  el  iM.t<nti,il  tran>((>rinii«,  whu  li,  it  wil. 
..  in.illdl,  .11.    l.ti(li,'f<l  aiT(.«>  thf  tr.iiiviiii>-iin 

^^^A  ^1      linr->  .III'!  t.ik.  -ni.ill  (iirK'iit^        :iill  1'm<! 

■rf^H|^^ Im  tlu-iax  M.>-i>.  l'"»iiaiui  ii-f  tli.'  "i.iilinl^' 
^'^^^^■■^^^m  |„.      >.|„,\vn  in  Fit;,  i. .',♦>•>.  in  flu'  ("tin  ■  t  .i  vtr\ 

■    Ijiii'k,!   '  (.ill..\)  win    .  .  .iit  .i  ill' '  1  tii  .i  l'Li  — 

tub.',  llif  \Mi>'  1-  N".  4-;  >.«•■<•■  (4>i"'l>  "  ' 

,111(1.  fXC(]>t  for  aliimt  J  imli  in  tlif  inidillc  •  i  tli.' 
tube.  i»  I  mill  'Mr. 1  in  .m  .m  i  Ntiiicili-liini,'  j>"'Ail'  v. 
riw  lu-i    illn-ti.it  il  I-  ilr-:L;iuil   Im    lUii.nl-  .t 
-.^1^  ij  S'"     I'-  '^I'l  iiii'l'i.  tli>'  <li-t.mr.'  biiwn-n  tl'f 

H      ,.nii.   Inn -•  I'l  till'  viipiM.it-  luin«  ii  in<li<<. 
^^^m    -^^^ft  I  :  III,  1 1  nut    I'liv^.    Atii'tliir  I'.i-i'  wliii  h 

Ci.niii.ii.itu .  I\-  liiit'  fu-i  -  ate  n  .|Uir.  il  >  n  Im  .iw 
p  .w.  r  (  in  iiit-  i-  in  (i.  layiii.t;  the  ..p.  r.iti.'ii  i>t  tlir 
tiipi>iiii;  .'.'il-  I't  I'il  -witi'lif-  (-i'."  ivm''  =i'i'»>.  In 
till-  I'.i-c  tlie  111-.'  .1...^  U'.'l  'i'->  "I'l"  iii'Mit.  llii-  I'Mi-  .!.  i;.  nil'!! 
a  .lan^.  n.tis  current  i)a>>c-  l.\  tin  I'l:;  -wit.  Ii  ai  tnii^  .  in  mi  Sr.  ak.-n 

Til,-  hi-c  i-  phi.-i'd  111  p.iral'-'l  (""t  in  -tri.M  with  th.  tiipi.ini;  .  ■■i!.  tin. .'.'J,; 
.^|,„  I,  ,||,  ivini,.  .111  .'i"  I.I'  n^;  .  "ir.  I'l  .■aill!..t  p.i-s  lllil"  tl:.'  lu-f  "  hl..\\-." 
I  h.-  tiippinu  <  "il  1-  n-ii,illv  n  .1  li.'Hi 
a  i  tiiTi'iit  tr.ni-f.iriii.  r,  an<l  d...'-  ii'  I 
ilin.tiv  t.ik.'  till'  m.iiu  iiirniit. 
III.,  i'.rr.iiiti  111-.'  I"r  thi-  I'.i-t'  i- 
-li..\vii  in  i-iu.  i.;"7.  It  i- 
a  ■'  r.irtri.l.i;.'  "  In-.-  .-. .n-i-tii'L;:  .  t  .i 
1-.  .pji.  r  fii-i'  wire  ab.-nt  I A  inrht  - 
1,  .n^  m  ,1  ^1,1--  ml..'  \  n\  In-  li  i-  l'^"  '- 
\i.!.-.|  with  iint.il  c.'in.i.i  n"!- 
wliich  ran  Ix'  i  lipp'.l  in  tla-  -prin:,' 
j.iv.-  H  ,1-  -!i..wn.  111.'  jaw-  an'  -> 
-h.ip.  .1  that  tlu'  .■.iitn.l,:;t'  caniL.t  1» 
<li,ik.ii   "lit   I'vcn   nmli-r  I'S-.— ivi- 

vibrati.'ii.  ,        ,  i  . 

Th.   n.i.i.li'v  with  wlii.  h  th.'  fii-.'  I■l-'^v^  .l.  p.  ixl-  "P-n  tlu'  <  ^' <  "  " 
,  „n,  nt  p,i--i,i..  an.l  m  thi-  ■  .  nn-,  n.  n  ,!i-  .  n,v.  -in  Im,.  l..i..Sare  pubh-h.d 
J,-  |i.,.,   -i„,\,   i!m   ...niutti..n  bitwt'in  the  cvfr-lfad 

nirron^^an.1  the'ti.ne  in  seconds  which  th.  fuse  takes  to  blow,  the  three 


I,  !-=,-.— Ferr<imi  Tir.ic-liniit  Ku-tr. 


/■I  F-  /.'.V  /// Crs-xi  y. 


'  W7 


•iinl  tin  .Mil.  lit  ti.m-tiiiiiii  r-.  I 'II  I  h' 
ABC 

JBp- 


,  iiivi  -,  A  u  .ui'l  t  .  1"  iiii;  t..i  wii.  -  I'l  N".  -I  ,-■  mil-  ,  N.i.  J"  nul-  ,111. 1 
N'.i.  10  (40  iniKi  «.iuf;«'  ri  -i>fi  tivi  lv.     Hi'-  n"Mii,il  l.M.i  1-  s  .nnp.  i.    ,it  win.  Ii. 

t  ri.lir^t'.  ll.ilU  i't  tllr  tll-l->  "  bluw- 

'iiuii-vi'lt.iL;.'  1  II.  iiit-  ,itc  .irr.iiiL;!-. 
that  tlii-  .  UM.  nt  111  ill.    •  ■  "11.1.11 : 
.  .  ■Ill  ~|>.iml<  t..  Iilll-l". 1(1  .  Mill  lit  111  til'  ; 
I  iini.ii\ ..i  tii.lin  tilftiit.    At  ilt>nl>l<'  " 

■  llMl  III   ill.    111-.  -  ll.lim  III.    I"l         '  -'. 

.•.ml  J  I  -I  1  .iliiN  I.  ~\»  .  tl\i  \\  .  w  liil-t 
..t  Am-  tinx  -  tin-  lull  I.miI  tli.  \  •  nl\ 
.1.  1,1V  til.'  ,1.  ti.'ii  .1  til.  .  .'il  l>\  1.  l\. 
.111,1  j\  .  .'I1.I-.  rini-.  I.T  li.  .i\  v 
.  \i  I  ~-  rill  1 .  Ml  -  ill.  -.il.  t  \  .  1.  A  1.  . 
,1.  t»  l>r.i(  til  .illy  >iiiiiilt.iin  ..ii-l>',  lull 
f..r  Ic--  lii  avv  <  urrf»t»  if  .n  t-  iit'I'' 
,111.1  -l.'wK .    ill       -.   t.it'  i" 

,         it  tlif  I  \.  I—  .  Ill  1.  Ill .  .1'  111 

iinctinif<  li.ipjxii,  il.M^  11.  •!  iit  i-i-i 

ill-    .  11.  .null,    till'   I  ir.-iiit   i-   11. 'I       I  .  ,.  <  ■ 
''.!..k.  :i.  ,m.l  iliii-  .ill  the  inci.nvriii-  ' 
,  ii.T  ..1   ,1  .■..injil.  ti  lv  lin'ki  ii  l  ir.  uit  i-  .iv.. ;.!.  .!  u'-. 
-uiti.  i.  iitU-  ti.nwi.  iit. 

Fuses  for  Heavier  Currents,   lin  m  iin-  i  i  .1 

.■I'-ctrii'  ji.iWiT,  the  .ii.'ilit-  "I    -in, ill   iii,'!.  i-.   .•n.i   .'1^^  -r. 

,  li.  .i\  I,  I  .  Ill  I .  Ill  -  .11.   11.  ■  1  :  !  .  1. 

li\'  lu-iM.-  I  111  .•■■H     \v  hi'  !i  ■  r  ■ 

:  ;,  ,1   ill        .  l,il  -  ,.ii.l  ■  ■  I 

. ;.  -1^11.  . !  ti .  1     tlx.  .1  .  .n  ,1  ■  • ; 

I    .h-liiliiiti..ii   b.'.ii.l.      I'll.  I 
th.'  (l.-it;n'  i-  \''  r\-  Liif.it. 

//...'^^^■  \,  I ,       /-"./M  V.     I  11.'  I '  -.u 
ii-n.ill\    I .  . |uir.  ,   iiun 'liL'-l    .  1 1 1' 
ti  'ii-,  lli.it  till      Iii-i  -  --h.iil  1..-  Ill  ,1 
■iii'pr.i.il  li.'X,  a  r..n.litifi»  ii-.t  ililli' 

.\  -liiii.l.    I.  !  Ill        -Mi  h  ,1  -iiil:!.  ; ■ 
I  u-t-li.  .Idi  t  H  ~li.  wii  111  1  II:.  I.;<.'i.  whi 
illii>tr.itt'>  a  >t. 111. I, ml  ]'.iii.iii  iii,i.!.- 
till'  ("ii  iii  i.il  I'Jri  tii.      iii].,in\ .  "f  ' 
1  ill'  iii.-i.il  p. II I  -  ,11  .■  .  .11 1 1.  ' 1  .  .11  I  — •  ■  ■ 
lirtlf-tal-i,  and  the  whole  i~  <  iu'li.-<  <l  in  .i  i  ,i-t-ir. 'ii  I'.'N  wliirh  iii.r. 
lined  with  aslustos  and  can  hr  Iccki  d  nj>  and  -t-.ili  d  il  dt  -iicd.     111.  h 
may      of  bare  copper  wire  atta.  lied  to  tin-  .^ni.ill  tiiniinal-;  >ln.ur 


I'.  Fu-c  ! 


.I/,.v 


st.iinix  il  im  t.il  t  ii(l>,  .1-  '■Ik'Wii  in  l  i 
tin-  terminal  ^c^»•\v*.  Ww  ff 
iK'ttiT  than  twisting  a  bare  wnr  |. 


t7a— -All  flo^-covcreil  t  u  - 


■id  will 
iK  uikIc! 
>  clivii'ii-l', 
till'  tcriiiiiial.  I  Ik'  t  ■■M  iinc  '  ■ 
the  wire  with  ino  nilui-tilil' 
iii.itrii.i!  makes  th^-  fusiiiv 
pMiiit  null  iwiuU  iit  t>l  current:- 
of  air,  ami  toiuls  t'»  ensur* 


,1  ,.t  tlir  mrrcct  ■  -tith 
i,;,7'>.  <'>r  riMilv  ■  lam^ 
sill  li    st.iinpi  il   I  II'!-  i> 

I1H(' 


will 


car- 

1-  (  iiiit.miril  111  a 


I,  71.    "CirtrWgr  ^u^e 


In 

th.- 


■nrli  a  case 
-.imr  ]>Mrpi' 


till  '  l>l..\MP..     «itli  i^'  |:!<di  I.  iinnird  lurrt'nt. 

Mi.ir  il.il..>iai.'  pr..i..  ti..ii  el  tiir  tiiM-  xvirf  is  pr..vi(i.><l  in  the 
triikr  "  t\ pr  III  tu-i'.  .iIh.mU  1.  I111..I  t-  ..n  p.i^i- 
is  i-iwii  in  l-iy.  i,;,;!.     1"  thi>  typ-'  "t  lu-  tli 
"  fuM-  cliainlH  r  "  made  of  non-condm  t- 
iim  ni.iliTi.il     III  -"inr  p.iltcin-  tli-- 
chamlHT  i-  p.iitiv  lilUd  svitli  a  puwdi  1 
\vhi<  h   cffi  rtivi  lv  <nu  nilu's   anv  ait 
wlih  h  m.i\  Ik-  nii'iiii-nt.iiilv  >t.iiti  il. 

1,.,  l,.,u-r  Ml  MO-  till-  Mippiv  ...Mr  luav  hv  ..f  the  cnncentrit  >v:-.e 
wh.reas  tlu^  liuUM-  mav  be  wind  uuli  .Tdii-  'v  .uMil.a.d  -uv-\v 

the  main  (uses  mav  be  tuntained  m  a  IiUihk  \^!ii^1>  ^^-TV.- 
the  *•  (  able  terminals  "  already  de«cribe<l  elsewhere  (se,- 

].  mc   iiJ**').    Such  a 
mtliii,'.  a»  niadi'  by 
the  (leneial  Eki  trit 
I  ompanv.  nt  London, 
i-  slunvn  in  Fit;. 
l  liL-  1  <  'lu  riit  l  ie  rabl 
elltcl:'  at  the  bottdlli 
and    its    two  con- 
duct.ts     are  Cui.- 
iKCtrd   t'l   the  rilii. 
and  socket  respect- 
ively.    These  con- 
ductors are    led  ti' 
thi-  triininal 
block-   of    the  two 
single-jwle  fuse  base^ 

_  shown.    The  fuse  i~ 

Ki,-  t.j-j.-Hauic-.-cnue  I  use  1.0V  or  Concenlni.  C»Ue  Supply.  attached  to  til  -  j.lVV- 

<)f  the  d.tachable  fuse-holder  H  shown  on  the  right;  these  flexibh  jaws 
slip  on  ti.  the  terminal  bl,„  ks  and  cunipl.  te  the  circuit.  The  fuse  is 
shown  in  pu-itiuu  in  the  Ufl-haiul  cunipartir.'. lit. 

Standard  sizes  up  to  a  carrying  capacity  of  200  amperes  are  made  of 


Such  ilfvitt-.  li.ivt 


iIm;  cut-out  «hii\vn  iii  l  it;.  I..;7<>.  and  ui*  tM  i.t  )  .unin  r.^  ii<r  that  >hown 
•I)  Fiir.  I.. 57 1. 

Switchboard  Fuses.  Hi'  jMit.in-  .1  m- -  -i-umI  i-i  in-umii  ; 
t  hlHi.iKl-  ,111-  .ihiiii-t  inliniti.  At  <'iii  <ml  i>[  tin-  xrir*  thi  \  u'li-^i-t 
nt  si.nph'  blork>i  ol  im  f.il  iimuiittf!  on  tlir  Imi.ikI  Utwn  n  whu  h  iUiy  puvf 
.1  wire  whiih  li.ipjM  11-  i..  |.c  li,in.l\  niav  Im'  pl.iinl. 
.ill  ih-  iklixt>  1.1  tlir  lu-iMt  .  m 
I'Ht  with  tin-  atlv.int.iisV  ■  nU  1 
1  hiaj>ne*s  and  convfiiitnt  i\  At  thi 
■  ■thtr  I'ncl  tlirrt-  ;iri'  >  l.il><.r;iti  l\- 
i|i  ~i^'ncd  l)a>vs  .m:l  lu-i -lioldi  i - 
111  ■  liich  arc  iiiiImiiIuU  all,  ci 
iifv       aU,  the  i>rt  (  antions  wlii' li 

\\).       Ill  r    li.i-    li'inul   til    ]'V   111  1  I  •- 

-  i\     111    iiiiniiri~iii^     lliL-  v.i'iiiii- 
li>a(lv.iiit.i!,'i^      iinl     danfjers  t>> 
whicli    tlu-    tii^iliK'    cul-uut  \»A 
rifirrcd  tn   i>  liahli.'.     As  btlnn', 
\i.,rr  1,111  milv  1)1   loiind  for  bm  l  n  lriiii.  .-  i"  t\|'i'  .il  ■  \,iinpli - 

A  simple  luriii  nt  switrhljoard  lu-c  linUlii   111. uli:  I'S  the  '  ■«  m  i.i!  I.liii' 
t'ompany  for  barcor  asb«'stos-covt  rr<l  wire  tu-<  ».  i>^liowii  ill  l  it;.  1..17.'     I'  i^ 
iiKult'i >f  a  carryini;  c.iDai'it \-  up  ti  ■  jm >  .iiiiix  1 1  -.  I  !!■■  j.i 1 '!  t ln'  ti\i  1 1  ti  1      .1 1> 
.ur  similar  to  tlir      ki  t-  nl  a  "  kiiilr  "  -witi  li.  .mil  tli.-  Iii-r  Iniiiu,  1.  iir 
wi'dge  shapi'd  and  arc  forced  liunic  into  tlu->'  >ock<  t-.     ilif  li  imlli   11  tl 

carryini;  tlu-c  wiilgc-  i'^  of  in-iil.itinf; 
iii'.tirial,  .ind  -liiild-  tlic  hand  -timilil 

I  hi      ill~r    III'  'U     V,  hll'      ill''     II  lilt, II. I-  .III 

l)iing  iii-titid  in  the  ba-r.  Ihi  iu-c 
wire  i>  attached  to  tlie  screws  //.  the 

ili^t.llHr  lntWrcll  tilr-i-  ~(ti\V-.  hiini,' 
.llmllt   ,=i  ilU  111  -  Inl    the   _'IH.  .lllllH  le  -IZe. 

The  fu-e-e.irr\  int;  terminals  att.n  lied  to 
tlie  liandle  are.  of  cmii-e,  withdrawn 
from  the  -iii  ket-  durir.!^  thi-  njieiation. 

A    llluli-    I  l.lli.iMli  K    iniilei  tc  il    I  II,- 

out.  niad(  li>'  tlie  >aiiie  linn.  i>  -liowii 
iiid  is  known  as  the  "  Hohliin  "  cut-out  from  t!»f  sha|)p  of 
tlie  porci-laiu  li.iiulle  tliii.iiL'li  whii  li  tin-  tii-i  wire  run-.  Thi-  li.imlle  1- 
tubular  and  has  a  coiu'cntric  tulie  nf  solid  a-he-tn-  riiiiiiiii^  tliii.;ij.;li  it. 
The  base  carries  flexible  contact  jaws  i  f  copju  r.  which  are  connected  to  the 
back  terniiiials  t,  -h'lwn.  Tli>;  end-  nf  the  bubbin  .ire  xjuared  and  covered 
with  cuppci  to  -lidu  in  the  Cuutact  j.w-.  I'l  r  -iz'  -  alw>ve  io->-;i!npcrc- 
capacity  the  ends  are  further  provided  with  metal  plates  for  clamping 
13S 
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the  fube  wires.  Tlie  bobbins  are  m.uh-  to  tarry  working  currents  up  to 
600  amperes,  and  it  is  interestini;  to  not.-  tliat  tor  the  lar-est  size  ih. 

,  Irar  length  of  fuse  wire  between  the 
riid  I'l  ites  is  nearly  II  inches,  and  that 
the  fu>e  win-  n^ed  con>i~t-  of  four 
>trands  of  No.  12  S.w.g.  of  tinned 
ropper  wire.  This  is  to  carry  up  to 
tiic  normal  currei  -  600  amperes,  and 
>hoiil.l  blow  with  a  current  of  about 
i.joo  anipere>. 

A  modification  of  this  fusible  cut- 
out for  hiRh-voltage  work  is  shown 
p;iitlv  in  -ection  in  Fi;,'.  1.375-  The 
two  corrugated  porcelain  pillars  are 
screwed  into  a  slate  base  which  is  not 
-liown.  The  connection  terminals  t  are 
on  tlie  front  in  this  pattern,  but  in 
another  pattern  they  are  behind  tlie 
board.  The  flexible  contacts  for  the 
bobbin  are  mounted  on  iron  supports 
■jections  of  the  porcelain  tliront;li  orenings 
The  place  at  wliidi  i  fn<e 


'.375- 


-High-voU,ige  Kust-holJer  and 


and  are  sliirlded  l^v  y  \  lindnt 
in  which  the  thimbles  at  t  are  reached 
enters  the  core  of  the  bobbin  is  also  shielded 
by  porcelain  projections  p  />.  Dimen-ion^  are 
given,  and  the  fuse  is  to  carry  a  normal 
current  of  50  amperes  at  (),ot>o  volts  or  a 
current  of  100  anip(i-(--  at  .',.000  volts. 

Messrs.  l'erranti'>  lu~e  for  (.,()oo-volt  cir- 
cuits is  shown  in  l  i;^.  i,,i7'>-  All  in.  tal  part- 
are  carcfiillv  "  shrouded "  with  high-class 
porcel.iin.  and  the  fuse  wire  is  of  tinned 
(-opper  contained  in  an  lit->tos  tul).-  in-i-rtrd 
in  the  handles.  Unly  one  size  of  fust-h.>lder 
is  made,  different  gauges  of  wire  being  used 
for  differ.-iit  nonnil  l.'ad-.  The  length 
between  the  centre  liners  of  the  columns  is 
9  inches,  which  gives  a  long  break.  The 
holder  i>  n-ed  i^r  iiorni.il  .  urreiits  up  to  50 
ann>ere^  with  wire-  Ikmh  N"  .1)  (lO  mils)  to 
No.  18  S.W.G.  (4S  milM  I'lowiiig.  Ill  thi- 
holder  with  currents  of  about  lo-^  and  about  1.17  ampere-  r.-p.-ctively. 
The  last-named  corresponds  t.)  a  full  load  of  700  kilowatts  at  unity  power 
factor. 


_Ftrr.niii  High-voluge 

1  -.c-!,.>W.'. 
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Switch  Fuses.  -I'lic  (l.myc-i  iiu-cilv<.l  m  I'  j'i.iium  .'  Hi-'-  wlii.  li  h.is 
"blown"  is  mininiisfd  l>y  ciinibininii  the  tu-<-  \Mtli  a  -uitth,  \vlii<  li  luu-t 
be  opt-nocl  hcfori'  the  Muwii  iw-v  c.in  W  ri  pl.u  i  tl.  Tiiw  cn^un  -^  tli.it  tli«* 
part  of  tlu-  .H)paratii>  c.iii  \  int;  llic  tu-.'  >hall  Iv-  "  di  ,h1 
licloro  it  can  toiuinil  In  i!ir-  npii.ni.i.  A -iiup!. 
tonn  of  "switch  tusc,"  ni.inui.u  tared  1)\'  Mc->i^.  A.  l\.i\i>'lli- 
&  Co.,  of  Hcbburn-on-Tync,  i>  shown  in  1ml;.  i,  177.  The 
switch,  which  i>  ciiclu^cil  in  ,in  ir.-n  l>ii\,  i-  -li.'wn  cp.  n  with 
a  simple  type  of  Inse  in  pn^itinii  in  tin-  lid  w  lii'  ii  open-,  di  i\\  n- 
wards  ;  the  fuse  is  so  moiuited  that  when  the  lid  i~  eluded 
it  closes  the  circuit  thronuh  the  line  cdiitai  t-  lixed  jier- 
manently  in  the  box  attached  to  th>-  panel  or  wall, 
and  the  fuse  cannot  be  handled  whilst  in  contact  with  the 
circuit. 

Another  pattern  of  switch  fuM-  .is  made  by  the  British 

Thomson-Houston  Cnniiiain-  tor  a  'i,i-ainptii-  tliir.-phase 
•  ircuit,  is  shown  in  Tii,'-  i..]'^-  lh<-  upper  jMit,  wlii  li 
IS  fixed,  carries  the  line  contacts,  which  are  st  p.uati  il  by 
insulatinj^  i)artitions  tn  ])ri'vent  an  in:;  arid--.  1  hi'  lower 
part  is  a  cast-inm  b'>\  liini;ed  to  the  Ujiper  p.irt,  and  in 

It  till-  (n-i-  clips  and  ter- 
minals are  mounted  on 
porcelain  base-^.  All  the 
inii\  ablr  p. li  t-  ai  .-  I  ai  l  ied 
in  this  box.  .md  .ire  readily 
accessible  when  the  case 
is  cipi-n.  rill-  cii\-,  i  (  ,111- 
not  be  iiji'iii-d  nntii  tiii' 
circuit  1-  br.'k.n,  .iinl  n 
cannot  be  closed  with  tiie 
tn^es  in  the  '"  on  "  i)0'itiiin. 
<  ■  iii-i  ipiently  ii<i  I'  lit-  "I 
the  tuse^  or  iiiei  liaiii-^in 
can  be  touched  until  the\- 

1-     <iuite     ll.'t.li  !u  il 

•111  ■■  li\i      iiu  t.il-. 
ii'   ~wit<  li  can,  <>1 
.,      b.  ,,p,ii..l 

li.i-,  1 1     Wltll'illt  ,1',  simi.V 

1  'Jli'll  mil;       till         ^"ir  ■  I  ■■ 

\iti\.  but  it  <Mn  oiilv  !>••  lett 
full  on  or  lull  i^tf,  and  is  locked 
in  eitli-T  <.*  t!h'--  positions. 


Fig.  i,3T«i— B.T.-H  Trii'!»-p.-4«  Swit.h   i  - 
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Wliativii  ihr  ik>it;n  mav  U-  or  tlir  additional  ai^paratus  add.-d  for 
special  purpose*,  a  Ium  ,  altli(.nj,'li  a  convenient,  i-  a  -..iiu  what  cnid.  loiiii 
ol  bivakini;  a  circuit  in  which  a  dangerous  current  has  bi'en  dewlop.d. 
Much  iiiKcnuitv  has  therefore  been  expended  in  designing  switches  winch 
•^haU  automaticallv  break  the  circuit  when  the  dangerous  conditions  which 


r.riii-h  Thomson  HousloB  Stamlura  Circuil-I.reakcr. 


aiv  to  W-  -uanl,d  a:^ain>t  liavr  been  -.  t  up.  Such  switches  are  known 
as  "  circuit-breakers,"  or,  inoiv  shortly,  a>  "  Imakr'-^." 

Safety  devices  of  this  nature,  thougli  not  under  these  names,  have 
luvn  alrcidv  ('.  m  ribrd  in  ..tlu  r  parts  of  this  book.  For  instance,  in  the 
chapter  on  C.C.  Motoi-  the  scctii^i  on  "working"  (jmj^c^  f.,V.  to  f)8(.) 
has  many  reference-  to  -uch  devices.  Al-o  in  the  chalet  r  on  A.C.  Motors, 
devices  with  similar  functions  are  incidentally  described  at  pages  724 
and  711.  Still  more  relevant  are  the  tripping  coils  in  connection  with 
the  oii  switches  described  on  pages  5O;  to  574  at  the  end  of  the  chapter 
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on  CniKi  itin-  Stations.  Tlifsc  coils  convert  tho  switchts  into  ixcillint 
circuit  bnakir>. 

With  those  oxamplt  -  and  utl-  at  Iiatul  Im  reffrencc,  it  is  k-ss  neces- 
sary here  to  (kscribe  in  dttail  any 
additional  tNpo  of  circuit-breakers, 
and  we  shall  therefore  confine  om- 
selvcs  to  one  such  description,  select- 
ing for  the  purpose,  almost  at  random, 
one  good  (irciiit-bicakci  ont  of  a 
great  minibiT  which  an'  tMiually  well 
worth  dcscnbing. 

Tlie  "  breaker  "  shown  in  Figs. 
i,.;-9  and  i,.;So  is  a  well-known  type 


(V.  B.'i,  manufactiu.a  l'\  tlif  liiiu-li 
Thomson-Houston  C<iiiii>aii\ .  Tlie  lue- 
(  luini~ni  hv  uliii  li  thr  -witi  h  is  clo.^ed  — 
an  (ijH-rati'iU  wliirh  nin-t  U-  performed 
bv  h.u'.il  -cnn-i-t-  "1  .111  inL;ruiuus  >ysti  in 
of  linkages  which  include-  two  "  toggle  " 
joints,  which  are  straiditencd  out  as  the 
handli'  i-  dcpn-sed  l<v  rln-ini;.  and  nne 
of  which  is  held  >tiaight  by  a  piu  lalling 
into  a  notch  in  a  loo<e  link.  Tiii<  loose 
■l,  ai<-niai,'nrtii-  niei  hani-ni  limn^ht  nil.ipUiv 
when  tlv  switch  has  to  be  opened  autouiaticaily ;  the  ii..ldit!:;-iiin  b.  lu;^ 
thus  rel  ised,  the  toggle  collapses,  the  oth.  r  toggle  following  suit,  and 


Kig.  1,332.— Circuil-brealer 
Tripped, 

link  is  kniTkiMl  a-ide  h\  tli 
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the  movable  contacts  fall  away  from  the  fixtd  contact*  by  the  action  ol 
p'-avity. 

It  iii't  po-<iblo  to  pick  'nit  from  one  <>r  two  photographs  the  detail- 
i.f  \\y  liiik.ii;'  -  :  tluM-  (1.  tail-  .uv  iin.rc  r,i~il  •  rxiilai.ud  by  >iich  dinRrnm 
m.nic  tlr.iwiiiL;-.  ol  thf  circiiit-l>n  .ik<  r  .1-  an-  ,i;i\\n  in  I"ii;-.  i.jJ^i  to  i,,',''^.', 
which  exhibit  the  r-v.itch  in  thru-  -alimt  pii>ition<:.  in  lacli  ol  wliicli  tli. 
same  ri  irn  nct-  k  tttrs  are  used.  In  Fi^.  1,381  it  is  shown  closed,  tin 
laminated  bridjie-piece  a,  which  is  clearly  seen  in  the  photographs  (Figs. 
1,379  ^'^'^  l..";^"''  connecting,'  th(  Mm  k-  c  i'.  wliii  li  .ire  the  fixed  electrodo  u! 

the  circuit  to  be  closed.  In  Fig.  i,3i>2  the  breaker  is  shown 
with  the  parts  in  the  relative  positions  they  occtipy  after 
the  breaker  has  been  automatic all\-  (ipmid,  and  I'ig.  i..;'"^.; 

similarly  shows  the  ^a^lt■  parts  a>  jilacid 
when    the    brt'aki  r  has  been   re->et  lor 
cl.j>ing  by  the  depre  ssion  of  the  handle  d. 
This  handle  d  moves  on  an  axle  which 
in  line  witli  tlie  position  of  the  pin  in  in 
Fig.  lo'^^J.  ai"!  carries  pins  f<»r  the  ends  of 
the  links  s  and  /.    As  it  is  depressed  it  pulls 
over,  thiougli  5.  tin-  lower  end  of  tlie  link  />, 
which  al>o  carries  one  end  ol  the  link  n, 
and  straightens  out — by  means   of  the 
comiium  ]'in  m  lield  firmly  in  the  groove 
ill  the  link      tlie  toggle  formed  by  n  and  / 
(SfC  Fig.  1,3^1).    Mi  anwliile,  the  link  p  lias 
also  been  forced  upward  and  has 
straightened,  as  seen  in  Fig.  1,381, 
the  togglv'  formed  by  the  links 
h  and  c,  the  former  of  which  is 
pivoted  to  the  fixed  framework. 
This  ha^  forced  the  bridge-piece  a 
against  the  fixed  contacts  c,  thus 
closing  the  circuit. 
The  ojieration  c.f  opening  the  circuit  can  be  ascertained  by  comparing 
Figb.  i,.;m  aiul  1.38J.    The  lever  k,  moved  smaifly  upwards  by  an 
electro-magnet  core  or  armature,  knocks-  the  Imk  g  upwards,  thus  jKirtly 
releasing  the  pin  »h,  so  that  it  moves  to  tlie  right  and  downwards  in  the 
groove  of  g.    This— assisted  by  the  dead  weight  of  the  bridge-piece  and 
its  mounting-  - ciu^-e-  tlie  toggle  joint  between     and  /  to  collapse,  and 
the  quickness  ol  the  break  i^-  further  a.-sured  b\-  the  collapse  of  the 
toggle-joint  between  b  and  c. 

The  -triker  /,■  oiHTate>  when  ilie  particuJ-ir 
agai^l^t  ari^^i,  aiui  wiKrc  large  cuircu' 


I.  v".;.— t  If'  ml  if*  .1 
Re-sel  for  C'.-.-i'.,: 


ntingency  to  be  guarded 
J  being  handled  its  electro- 
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iiKipiirt  i<  u-n.illv  yUr,\  in  ,i  ivl.iv  lir.iiii.    Tliu-  it  can  W  arranpod  to 
trip  the  Imak.r  wlun  tlinr  i>  .iii  .iv.-iln,,,!  mi     rtv.r-.-  ciiri.  iit.  and  witli 
or  \nthout  tinu-liinit'<.    A  lnw-voltago  d.  vi.  .-  can  .il—        nt.i.li.  d 
operatr  wlun  tlu-  line  vnltai4<'  dn.p>  to.  -av.  50  p.  r  i.ni.       llir  noiiual. 
Rcla\>  lor  ihv-v  inirpuM^  will  be  di'-iiilnd  pn-iiitlv. 

Wli.'U  the  Mvitch  ha-  ln.'M  opt  iird  ..ui •  .ui.ii i.  .ilK  .  n  n  "  ■  '""l 
closed  before  the  danger  has  passed  a\va\  ,  it  .  anni.t  1-  li.  1.1  .  U.m  ,i  by  the 
handle  d,  for  the  striker  k  will  iinmediately  operate  and  the  breaker  wdl 
aR.dti  break  tlu'  circuit. 

The  Viridge-piece     as  can  be  s.cn  in  tli.-  pli..to,^ia].l,>.  is  made  of  lamin- 
ated copper  to  Rive  it  a  certain  amount  of  iLxd-iluv  and  to  mimh,  ^.  ud 
contact-.    To  preserve  these  metallic  contact  Mirlacc>  it  1-  uMial  in  modern 
lu  aw  cnn.  nt  -witches  not  to  allow  the  actual  break  to  be  made  at  th.^ni. 
but  oil  ,1  pair  ol  cirbon  blccks  ir  paialU  l  with  tli.-  ni.dn  ioiita.  t-.    In  the 
breaker  docrilud  these  blocks  are  above  the  upper  m.nu  cont.ui-  oii 
strong  <prinK<,  so  set  that  the  carbons  are  held  in  contac  t  until  the  in.  t.d 
surfac  -  Mr  -,p.natMl.    Tli.   wh-1.     unmt  i-  thus  transferred  without 
sparking  to  the  carbon  blocks,  which   .,'^",ar  a  ti.ictioii  ot  a  second  later 
with  probablv  a  big  spark  or  fla-h.     llu  .,abnn  blocks  can  be  i.  idily 
renewed  at  a'trifuiig  co>t  if  damagcl.    The  linkage,  are  also  so  arranged 
that  the  -.ippei  contact  of  the  bridge-pi.-ce  „  opens  before  the  lower,  at 
whicli,  therefore,  there  is  no  sparkini;. 

\  very  inti^resting  acce  .-v  is  the  iron  ear,  which  can  be  Men  in  the 
photograph,  surrounding  -  sides  of  each  carbon  block  on  both  the 
fixed  and  the  moving  c  on,,.  .-.  Tlu  >e  e.,r-  the  two  .ides  set  up  a 
magnetic  field  across  the  widening  gap  a^  the  breaker  open-,  and  this  held 
acts  as  a  magnccic  blow-out.  The  field  drives  the  current  towards  the 
edges  of  the  carbons,  and  the  space  betwee  n  the  carbons  is  cleared  of  the 
arc.  which  then  rises  naturally  from  the  top  of  the  carbons,  where  it  is 
smoothly  broken  by  the  natural  draught  and  the  repulsion  due  to  its  own 
magnetic  field.  .  1  •  1       ;  ~„u 

Operation  of  Circuit-breakers.-Thc  occasions  u,K.n  which  a  cncuit 

breaker  should  operate  are  very  .-imilar  to  tho-e  de-cribed  .  1-ewliere  m 
connection  with  special  applications.    They  ma>  b.^  >tiinmari>e(l  as 
{a)  When  there  is  an  excessive  current  in  the  mains. 
{h)  When  the  working  voltage  -ink-  m  ;i  low  value  or  nd. 
(c)  When  the  flow  of  current,  01  eiuit:v,  is  n  ver-ed. 
In  some  cases  it  may  be  desirable  or  ev.n  n..e-,ir\  th.it  the  buaker 
-hotild  open  ins.antan.ouslv  or  practically  so.  wliil>t  m  others  it  may 
be  desirable  to  allow  a  bru  t  interval  for  normal  conditions  to  re-establish 
themselves,  and  time-limit  devices  are  introdn.e.l  inf.  -o,,,,.  part  of  the 
apparatus  which  controls  the  operation  of  the  trijijiing  cod. 

The  electrical  arrangements  for  operating  the  tripping  coil  depend 


s 
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somewhat  upon  whether  the  switch  itself,  as  a  switch,  is  hand  or  other- 
wise opci.itcd.  clt])cn(l  \\\vm  the  \ipltal,'c  low.  medium,  or 
liigh — of  the  circuit>  upmv  wIik  li  the  i  in  uit-l)ri  ;iki  r>  arc  phu  cd. 

For  hand-operated  i  in  tiit  l)n  aki  rs  on  low-vultatje  cinuits  the  coil 
may  be  a  heavy  rurrent  coil  in  series  with  the  circuit-breaker,  and  carrying 
the  whole,  or  a  definite  fraction,  of  the  currenv  xissinR  through  the  switch. 
From  what  is  said  el>e\vlirie.  it  will  be  understood  that  the  arnuitiin-  of  an 
electro-magnet,  or  the  plunger  of  a  solenoid,  set  in  motion  by  the  curn  ut 
in  the  coil,  knocks.  (JUt  of  tlie  wav  u  catch  or  trigger  which  releases  the 
nieilianieal  enerfjy  in  ,1  1  oilnl  -i)iiMt,'.  or  else  allow>  the  fore  -  of  gravity 
to  ai:t,  in  either  case  foreil)l\  dr.iwing  the  contact  surfaces  of  the  switch 
out  of  contdrt  as  soon  a>  the  (  urn  nt  in  the  trip()ing  coil  has  reached  a 
certain  prearraiiticd  \  aliu .    When  carrying  the  whole  cui.ent  the  coil 

is  mounted  on  the  circuit-breaker  and 
I  onnccted  up  between  one  ot  tlie  ter- 
minals and  one  of  the  tixed  contacts 
of  the  breaker. 

\\\  motor  01-  -iiliiioid  o])erated  cir- 
1  uit-l)ieaker~  on  iiinli-\olt.!ge  circuits 
the  trip  coil  is  usually  jilaced,  as  sliown 
ill  Fig.  5()i,  in  the  low-voltage  operating 
1  ircuits,  and  has  its  current  controlled 
bv  a  rela\'  or  relay--  wlio-^e  "  live  " 
coils  are  eitlui  in  the  main  circuit  or 
in  the  secondary  circuits  of  series  in- 
Fi«  ,,3.4.^^;::;CIiir7.v.,:aa.i  .,■„!        -trument  tran>former-  who>e  primaries 

Rfvew;  Curlent  Rel.iy.  j,^    ^],^,    j^ain    cirCUltS.       SoUlC  SUcll 

transformers  have  been  described  on  pages  ()();  to  ()->,  and  their  use 
referred  to  in  other  pla  e-  in  tin  book.  The  n  lays  used  in  connection  with 
the  tripping  coii>  ot  ,  in  uit-l>reak«  r-  ;ne  interesting,  and  in  what  follows 
are  classified  for  convenience  an  onling  to  tiie  particular  adverse  con- 
tingency, a>  siKciUed  above,  under  which  they  are  designed  to  operate. 

Overload  Relays. — In  liigh-\i>ltage  circuits,  with  remote  control 
switches,  tlie  trip  ■  'il  i-  iucr-.ariiv  openited  by  a  nlav,  and  tlii-  i-  often 
found  desirable,  a-  explained,  in  low-voltage  ciicuits  also.  These  relay> 
are  different  for  c.c.  and  a.c.  circuits,  and  the  designs  are  numerous. 

C.C.  AV/.M  s.  -A  -t.uulard  ty])e  ot  contimious-cnrn  nt  nlay  is  shown 
in  Fig.  1,^84,  and  some  ol  the  detail>  are  Tiion'  clearly  ^iiown  diagrammatic- 
ally  in  Fig.  i,;)85.  This  relay  is  designed  l)y  the  Hritisli  \\\>linghouse 
Companv  to  (  nntrd  ( in  uii-lne,ikers  fitted  with  shunt  trip  coils,  the  con 
tacts  m  the  "  local  "  cin  uit  beuig  intended  to  close  a  circuit  in  which 
th.'  cnrn'nt  shall  not  exceed  Z  amperes  at  125  volts.  The  relay,  of  which 
Fig.  1,384  is  an  external  view,  is  essentially  a  moving-coil  galvanometer 
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with  till"  ])uilltcr  rcplacfd  1>\  an  .iilii  i.iiiMii:;  .1  ...nli.t  in.iU.i.  tin 
position  of   tliis  arm  ilt-jMinliiiji   uikhi  the   m.iijimiiiU-   .iiul  ilimtiini 


ilosi's  tlu'  lontait  «>t  thf  "  Uaal 


of  thf  cum-nt,  so  that  w'lvn  the  curri-nt  in  the  "lim  "  cinuit  i-x- 

(i<(K  ,1  N|irciru(l  amount  ilir  aim 
circuit,  ia  wliah  tin-  tiipi)!!!};  mil 
of  the  circuit-bri-akt  r  i>  placid. 

In  tlic  (li  iL;ram  of  I'ig.  M  i> 

thf  piiiu.iiii  lit  luugnit  of  the  mov- 
iiiL,'  Kill  tjalvanomt'tcT,  and  />/>  atv 
the  pule  pieces  ;  c  is  the  movnig  coil 
it'^elf  connected  to  the  main  "  line  " 
tcrmi  'al>  I ,  and  1 .  l>v  tlu'  ii-iial 
methods,  which  are  not  >lupwii  in 
the  diagram.  The  "local"  ciicuit 
of  the  nlay  is  brought  to  the 
terminals  /,  and  tlu>  contacts  to 
lie  clo-td  l)V  till'  mdviiii;  <  oil  1m  ini; 
f ,  and  c.,.  of  which  is  carried  l>y 
the  nv.xing  coil,  and  is  connected 
to  ti  \'\  a  lltxihle  lij,'ament  .'.  The 
other  o.mact  c.  i>  carne.l  bv  an  adju-t able  contact  arm  A.  the  position 
ot  which  alters  the  contact  distance  l>c-twe.  n  ( ,  and  c  ,,  whi.  h  ha^  to  In 
bral^.-.l  bv  the  motion  of  the  moving  cuil ;  /  i>  a  tlexible  cnn.iectioii 
betu.  en  <  ,  and  the  hxe.l  terminal      and  s  s  is  a  scale.  >een  in  Fig.  l.jS". 

-how ins;  the  currents  at  which  the  relay  is  set 
to  operate. 

A  C.  Relays.  -A  siinph-  form  ot  a.i  .  over- 
load relav,  a-  maiiutac  tnred  bv  Me^Ms.  Ferranti, 
.>  >!kiwii  with  it-  piotei  tin;;  i  over  removed  in 
Fig.  I,.',S()  ;  il  1-  de-i,t;ned  to  be  lixnl  on  a 
-witelibuard,  from  which  it  projei  t-  only  Oj; 
iiiihe-.    In  til.'  lower  part  of  the  in-tniment 
there  i-  all  rl,  rt n i-inaL;ni'l .  wiiit  h  1-  eiinui-cd 
by  current  hoiii  the  circuit  to  be  ]>iote(  ted. 
This  electro-magnet  has  an  armatnie  ))artially 
b.daiu-ed  bv  a  -iidini;  weii;ht.  a:id  wh.  n  lir.iwn 
upwards  by  in.ignetie  action  it  litt-  th.  iiiovihl; 
contacts  of  a  contactor,  which  can  I'e  seen  in 
the  upper  part  ot  the  future.    The  movable 
contacts  are  raised  until  they  eii^.i^e  witii  two  li.xed  contai  t-,  thu- 
oither  closing  or  oj)ening  the  trip-coil   ciieiui    as  may  be   lu  ,  c-aiv 
acconhii^  to  the  anan!U'<nunt  of  the  switch  nuchaniMn.    The  ariiiaiuie 
IS  rai-ed  again-t  the  action  oi  a  -piins  which  ensures  a  good  "  i>ull-off  " 


Fig.  r.jSe. 


-Ferranti  A.c.  Overload 

Rel.iy. 


I 
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when  the  vl<  <  tro-ni:iBm  t  l'>«-'  its  curn  iit.     I  Im'  <  In  Im  iu.if;iii  t  is  i  nergist .! 
hv  litli.t   tuu  Ml  tliiir  ii'ilv     l-.a  -ii!-li-iH)lf  working;  tluTo  arc  tw. 
mil,  ill  Mill-.;  I'M  .li.iil)li-ii<ili'  wi'ikiiiu  tliiii'  ari'  twn  coil^  in  (liffmn 
f)lia-is,  and   t'T   trii)U-]«>li'  Wiirkiiit;  tin  n    .n.     tlm  r  khI-.  r    li  in 
dilfiTint  phasf.    Then'  an-  tlirrc  roarM-  and  tlinc  run.'  adiu>tiiunt-  fi' 
srnsitivt  ni'^s.  idiimini;  an  over-all  adjnsttnent  of  from  (k)  to  400  jht  nnt. 
i.i  nuini.d  lull  I'Mil.    Tlir  omi-.  .i,liu-tiii(  iit  con-i-t-  ol  .dt(  rin;:,  1)\  in.  .n: 
ot  a  cam  whiih  lias  thnc  ]Hi-iti(>ii--,  tlir  air  j^ap  ixtwicn  tlit-  arniatni. 
and  the  rore  of  the  i  lertro-maKP.et.    The  fine  adjustment  is  "btainwl  b\ 
alti  linu  til'   pi.~iliMii  "I  till'  -IuIiiil;  wi'iylit. 

Inverse  Time-limit  Relays.  -Ilxiierietue  has  shown  that  oiilv  in 
exceptional  cases  is  it  desirable  that  the  aetion  ol  a  ])oitreti\(  (le\ic( 

!-liuuld   be  instantant 011^.    l)lteiitime>  thi 
abnormal  disturbance  (guarded  against  is 
niily   (i|    ^hi.it    (hii.ition,    .mil  ^ometinn- 
I  vt  ii   a    iaiill   may   1»'    biinit    out  l.iirl\ 
harmlessly  in  a  few  second-  if  the  supply 
of  electric  <  nerf,'v  be  maintained.     It  is 
tlit  iiliiif  (ksirable  that  the  time  taken  bv 
thr   jiroti  (  tisf  device  to  operatf  ~li<nild 
depend  upon  the  seriousness  and  dangerous 
( haracter  (A  the  fault.    This  condition  is 
to  si'iiie  t  xtrnt  -atisfied  by  an  ordinary 
luse,  which  will  blow  at  once  011  a  very 
heavy  overload,  but  will  take  some  time 
to  break  circuit  if  the  current  be  only  a 
little  above  the  limit.    In  other  words,  the 
greater    ic  danger  the  shorter  i-.  tlu-  timi- 
c.t  action  ;  hence  the  term  "  inverse  time  "  as  applied  to  apparatus  having 
this  property. 

Special  fuses  cm-tnicted  so  as  to  m.ike  the  time  tlfmeiit  nion-  dt  tinite 
have  been  described  above  {sec  Fig.  1,367,  page  IJ26),  and  by  using 
a  suitable  fuse  of  this  type  connected  in  parallel  with  the  A.c.  relay 
described  on  pa^i  i;,.57,  Fig.  1,386,  this  relay  can  be  used  as  a  time-limit 
overload  .^.c.  relay. 

Time-limit  relays  are.  however,  often  constnu  tc  d  with  d.  limtt  nuciKinical 
adjustment-,  mu  h  that  the  minimum  current  for  which  the  relay  is  set  to 
act  will  cause  the  n  la\-  to  ojx  rate  in  a  definite  tiiue,  which  will  become  shorter 
and  shorter  as  thi^  minimum  current  is  exceeded. 

Such  ,1  relav,  ile-.ii,'nc.l  for  c.c.  circuits  as  made  by  Messrs.  Ferranti, 
is  shown  in  I'if.;.  i,.;.^"  with  its  front  cover  removed.  The  operating  part 
of  the  relav  is  a  small  nu  rcm  y  motor  Muiilai  to  iliai  usid  in  the  w>  l!  kiunvn 
Ferranti  c.c.  meters  and  fully  described  in  the  section  on  Electric  .Meters. 
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Fin.  1.387.— Ferranti  Time-limit  c.t. 
Relay. 
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Tiu'  iiioti.r,  m-t.  Ill  .'I  >inviiii;  .i  fountim;  train.  .•,iirii  >  on  tlir  iipp' i  I'.iit 
..I  It-  -pindl.  a  -in. ill  ilinin.  win.  li.  bv  nu.in-  <■!  ,i  -ilk  .  i-nl  p.i-inn  rniiiiil 
,1  KrtH^vt  d  cUm-,  inovt  -  .in  ;irm,  -t  «  n  .'.t  i ,.  .  .irrv  inu  .»  n»<>v.»l)K'  i-.iibon  <  ..n- 
tait,   until   it  loini- 


into  iDntart  with  tli<' 
fixril  i.illii'ii 
t(i  it.     Till-  niov.iliii' 
iiintnct  is  liiddtn  bv 
tlif  st  L;mi  iii.il  tixt  (1  .\u 
,f.  to  wliii  li  tlu'  UX(  (I 
ront.K  I    i-  attaihf<l 
Ivhiiid  till'  nut  at  f^. 
The  far  end  of  the  silk 
curd  ha-  a  wriiillt 
?uspend(d     Iruni  it, 
which    it    lifts  when 
tlic     nintor  lotatc-. 
The  puMtion   of  the 
fixed  contact  on  the 
-c^'int-nt    i(    can  be 
adju>tid,  tints  alterinK 
the  time  required  fur 

the  motor  to  close  the  gap  ;  also  if  the  w.  lyht 


iiiiit.l  lo  close-  Relay  Circuit  with  .hffrrnil  Current*. 


to  Ih"  lifted  b»'  ini  reasod, 
a  bieeer  current  v^iW  have  to  flow  thrt.ngh  the  nu>t,.r  before  .t  can  b. 
WtKl.    Thu>  both  the  a.  tual  time-lag  and  the  mimmum  current  required 


to  work  the  nlav  <an 


■a.lilv 


Fig  1,389.— Westinghoniw  Timt-limit  R«l»y. 


currents  ii])  to  10,000  .miii 
which,    when    inserted    in  the 


be  altered.  Wun  once  set  the  con- 
nection bclwirn  the  (urrnit  on  llic 
main  circuit  .md  the  turn  ii<inu.,l  lor 
the  relay  to  dose  the  trip  t  ircuit  as 
-l„,\vn  in  l-ii.;.  in  which  turves 

A,  I),  .mtl  (-  art  tor  maxhnuni  time-lags 
of  15,  10,  anil  5  seconds  re-pe.  tively 
and  for  a  minimum  current  oi  750 
amperes,  whil-t  the  dotted  curve  a,  b. 
.uui  c  .He  loi  -Hnil.ii  ni.ixinnini  tiine- 
but  lor  .1  miiiinui'--  curi.  nt  ol  Soo 
.mqieres.  As  is  the  case  in  the  meter, 
only  comii.ir.itivi  Iv  -ni.ill  .  nrn  nt-.  up 
to  20  ampere-,  are  .dluwed  to  i>.iss 
through  the  motor.  For  larger  main 
,ere-  -t.indard  -hunts  are  provided, 
mams,    supply    the  motor  with  the 


wiucn.    wneu    iii>t.ic<.ci   ■  -  . 

necessary  operating  current  with  a  drop  m  the  mams  ol  0073  volt 
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Ei-KcrKicttr  tx  tiik  SnnyicK  of  Mah 

and  with   a  drop  of   005  volt  for  heavier 


up   to  r,5«M»  amperes 

curriiit->. 

A  l.ivuurit.'  <1.  \  uc,  UM  (l  to  dfl:iy  the  action  of  u  relay  in  closinR  it-- 
"local  "  ciRiiit  contat  t-,  i^  tliat  ..t  tlu'  dash-pi't.  .  NaiiiplfS  of  whirl)  liav. 
occurred  elsewlurc  in  t!iis  book.  It'  application  lor  a  time-limit  rela\ 
is  shown  in  V\^.  i,  •,«(,.  which  is  from  a  photograph  of  the  standard  time- 
limit  rdav  (l.-iKHid  and  nianuta.  tin.  .1  I'v  tin-  Hiiti^li  W.-tinnli-.n^'  tom- 
p;iny.  The  dash-i>ot  is  visible  on  the  Utt-han<l  -idr  of  tlu-  fiK>ne,  the 
centre  of  which  is  ocrupietl  by  the  solenoid  electro-magnet  wliii  h  cIom- 
tlie  "  local  "  (uiitai  t-  wh.  ii  energised  by  tlu-  current  in  its  "  lim-  "  circmt. 
The  plunder  ..I  th.  -.In,,. id  I-  .  ,.iiiu  ct,  .1  bv  linkaK.-  with  the  piston  m 

til.-  .la-b-|...t,  ali.l 
the  tll>tani. 
through  which  the 
|)lunf,'er  must 
in.)\f  to  close  the 
t  .)ntacts  can  be  set 
by    movinK  and 
tln  ii  clanii)inR  the 
in.l.  x    -.■.n  ill 
Iront.     The  >cale 
f^ives     the  time 
int.  IV a  1  witliin 
which    tile  con- 
tact^  will  be  closed 
with  ihc  minimum 
opiratini,'  current 
in    llu'  >..l(iu.icl. 
If  during  this  in- 
terval llic       rl..ad  disappears  the  contacts  will  not  close  and  the  relay 
will  re-set  it-tlf. 

An  .)verload  time-limit  rilay  for  a.c.  circuits  as  made  by  .Messrs. 
Terranti,  in  which  small  induction  motors  are  used,  is  shown  in  Fig.  1,300. 
The  relay  shown  is  a  double-pnU  i.  law  with  a  m  parate  and  distinct  mechan- 
ism for  each  pole,  because  complete  pr.)t.  cti.)ii  with  .\.c.  tinie-hmit  relays 
can  only  be  ensured  bv  a  separate  -  .  lay  being  used  for  each  i.li.i^ .  'I  his 
ivlay  i>  adapted  t..  open  (lu.t  lu  ,  i  .-.  )  the  trip-coil  circuit  of  the  main 
switch.  An  eleclr. -magnet  1.,  .  11.  rgi>.'d  by  current  from  the  circmt  to  be 
protected,  has  an  air  gap  in  which  a  vertical  cpp.  r  .Hm:  n,  inuunt.  d  nn  a 
horiz..ntal  -pindle,  can  rotate.  The  alternating  magnetic  llu.x  producer  eddy 
currents  in  the  flisc.  and  bv  suitablv  shading  the  poles  as  in  some  types 
of  meter^  (^cc  infni^,  part  ..f  the  ilux  1.  .  au^.'d  tu  lag  and  bv  ii>  acuou 
on  the  eddy  currents  a  driving  torque  i>  exerted  on  the  disc,  the  motion 


atlti  Oveiluatl  Tiide-liiuit  A.i 
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of  which  is  n'taid-.l  l.v  tli.  n-n.il  iM  im.m.  iit  .l.impiim  ni,ii;ii.  t  m  A  -ilk 
,  ni,l  ,■  i>  wouml  luuiul  .1  .Iniiii  .>ii  thr  >l>iii(ll.'  ul  thr  i  i-ppii  .liM  ,  aiul  (..i-- 
nit;  and.  r  i  jock,  v  ptill-  v  />  and  anoth.  r  drum  d.  hns  it*  ..th.  r  »  n.l  att.u  h.  d 
,u  a  han.l'-  n.uvn.:;  nv.  >  a  ^rulMa,,  .1     ab      H-  alt.  nn»,'  th.- 

tiuii  <,t  tliw  haiKllr  thr  luiKlit  .d  thr  j-.  k,A  i>m1Ua  .an  1-.  a.ln.-t.d.  Hi.- 
krv  luilifv  carries  a  w.-iRht  u:    VVhm  th.'  .Iim  p  r..tat.-  it  hit  -    ,  \vlii.  li 
n.  ar  tii.'  tt.p  t.f  its  travel  cnKaf?es^  with  a  K  v.  r  whicl»  a.  tiiat.  >  the  r.  lay 
I  ..iitacts. 

Tla-  current  pasMun  throuuli  iIh    maijii' i  .1.  i.iniin.  -  th.    t.  i.|u.  .'ii 
tlir  (li-.-  i>.  which  cannot  move  tiutil  tlii>  t-.i'iu.  i-  Milti.  i.  nt  t..  Im    .  ihii>~ 
iisiiit;  th.'  niinimtmi  ctirrent.  lulow  which  nothing  o<cur<.    Hv  aherniM 
til.'  w.  iuht  t.i  1..'  litt.''l  thi-  miuiniuin  .  uii.  iit  i  an  h.  \all.  .1,  ali.l  \>\  a.l)ll-t- 
ing  the  live  length  ..t  the  >ilk  ci.nl,  l-v  in..vnin  tli.  willed  han.ll-  .'V.  i  tlw 
-cale  X,  the  time  (InrinR  whidi  tlie  weight  is 
nil. villi,'  uiiwai.N  b.'f.'..'  it  -trik.'-  th.   lever  can 
he  vari.  il.    Tim  e  weight--  ai.'  jiruvid.  <l  lui  each 
element,  th    two       not  in  use  IninK  held  in 
-pecial  (  liji-.. 

Th.'    tan.lai.1  lead  >ettint;s  bv  alteriuR  the 

weight-  ai.'  M'    13"-  '""•  -""  r"  "'  '"" 

normal  load,  and  the  standard  time  mIIihk-  at 
o,  5,  and  to  on  the  scale  s  correspond  to  maximimi 
time-hiKs  of  ^,  and  25  .  ..ii.l-  i.  -pectivi  ly. 
The  curves  eonmctnif^  tini.-l.ig  and  overlo.id 
current  are  similar  t..  hut  not  identical  with 
curve-,  alreach-  K'ven  (Fig.  L.'.S.S)  for  other  relays. 

The  I  (.1111.  (  lions  for  a  relay  which  opens 
instead  ol  elo-in^;  a  .iimiu  are  -Ilwii  in  l'"it;. 
1, .{()!,  in  which  it  will  he  Men  that  the  trip  oil- 

whuh".  aM''""th.'V  .1..  not  I'.'.'.'iv..  .nin  iit  li-an  th.'  .  un.  nt  transtormers 
i;  r  until  lhe>e  contact>  are  opened,  wli.  11  tluy  ai.'  pl.u.d  in  s.'ri.'S 
with  the  working  coils  of  the  relay. 

No-volt  Relays,  in  some  >v>tems  of  protection  it  is  arranged  lor 
the  pn.t.vtiv.'  p  ar  t.,  ..p.  iat.-  wh.  ti  the  voltage  falls  below  a  pred.'termmed 
minimuin,  at     ■  ■lav-  hav  !>.-.  11  .le-igie -.1  t.>  ..p.  rat.'  a.'.or.hn^h. 

Tlu'  Fenaim  relay  de>cribed  on  page  I.i37  ^3•^^"  nio(hli..l 

lor  this  i.tirpu-c  bv  substituting  a  solenoid  and  plunger  for  the  .l.ctro- 
magnet  and  armatinv.  1  11.'  n..id  b.  i.m  -iippli.  -l,  .  ith.  r  (hn  .  t  ..1  thiough 
apotential  tran>former,  with  a  current  varying  with  tiu'  v..lt.i;:.  .  th.  pluiig.  r 
is  held  up  bv  the  magnetic  action  until  the  voltag.  lalK  t. .  appi  ■  ^inat.  Iv 
4.)  t.)  (..1  p.r  .'.'lit.  ol  normal  valu.',  when  it  i>  ul.aM.i,  ..ii.i  ui  laliuig  hits 
the  inovabk  contacts.   Standard  no-volt  coils  are  -upplied  up  to  600  volts. 


1    (    1.1    the  >'ll   -Wit.  ll 

'.'ire"  short-circuited  by  the  contacts  being  .  los.  d  in  the  relay  K,  in 


'.!4- 
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Reverse  Power.   In  .i  (t.miili<  .u.d -\-t. m     i  !• .  tii>  im.w.  i  mii.|>1\  y 
19.  <.b\'iottsly  i«>*wntial  that  the  Rt-nt  rator-  on  tin-  «.\-t.  in  >hoiil.l  run  oiih-  i 
n.  iMtors  and  not  ,i<  motors  (Irivni  hv  .  lictric  (wwiT  rtowing  in  the  opiw.-it. 
.lM.  (  tu.n.    \\  lu  II  anv  -our.  .-,  of  i  M  l  .,  Mich  a*  stn-ondary  ba*trri««».  etc. 
are  at  the  coii>uincr>'  <  nils  of  tli<-  -v^ti  ni.  it  wa\  1m].|»  ii  tli.ii  I>v  .1  -pcn.i! 
< ombination  uf  circuinstancc>    including,  it  may  he.  th«  lailur.'  oi  i » itam 
automatic  apparatU'!— the  V  MS  *  so  pr««ent  may  either  directly  or  indi- 
r.ctlv  .    .  .     thr  diivini,'  1  M.i      .ind'powrr  may  thus -for  a  time,  at 
any  rate— Jlow  bai  k  to  tin-  f^.  iu  i.itiiit;  -t.iti.Mi 

This  contingency  must  obviously  be  n'l  nd.  d.  :iiid  we  have  else- 
wli.  red.  M  rib.  .1  one  or  two  metlunls  of  doing  tliis  in  spicial  casis  (siv  pages 
IJ.S4  and  I. ;.;•)). 

Dealin),'  with  the  matter  a  littl,  m..i.  u.ncrally  but  quite  bridly,  it 
may  first  1h'  noted  that  in  f.c.  circuits  the  rcvcrs*-  flow  can  only  be  t  fleeted 
by  a  rev»rsal  of  current,  whereas  in  A.C  circuits  a  change  of  the  phase 
mule  between  volt.ii,'.-  ami  .  uiri  nt  iiMV  li.iv.  tli.'  -,1111.  .  ff.-.  t.  If,  for  in- 
stance, in  u  single-ph.ibe  circuit  tlie  anf,'le,  wli.  tli.  i  I.  M.liiif,'  "i  l-'KKinf,',  be- 
tween the  voltage  and  the  current  exceeds  ()o  .  tli.'  j-.w.  r  l.t.  t..r  (.  ..-  9) 
l),-,..m.  -  _  fli.'  phvM.al  interpretation  of  wliuh  is  that  the  direction 
of  the  tlow  i>l  power  ill  the  circuit  -s  reversed.  The  reversal  of  current 
in  a  c.c.  circuit  is,  in  fact,  however,  only  a  ■  fecial  instance  of  the  more 
general  .\.c.  case. 

Ra'crst-  C.C.  Pourr.  For  low-voltas'e  C.c.  circuits  it  is  not  dithailt 
to  di  sign  polariM-.l  .  in  uit-'i);vaker-  wh'u  h  -li  dl  open  th.-  .  in  nit  imme- 
diately a  current  llow>  in  a  direction  contrary  to  th..t  n.|uiied.  liu- 
apparatus  describe<l  at  page  1332  is  such  a  iK)larised  rii.  uit  In.  iker.  Other 
in.  th.xU  will  r.  a.lilv  MiKu.  ~t  tli.  niselves.  but  it  niU'^t  be  borne  in  mind 
tiiat  the  current  iiki\  .  and  in  the  usual  case  will,  reverse  without  the  mains 
altering  their  n  iative  polanty  ;  in  other  words  the  main  1.  iii.iin-  -|-  . 
It  maw  h.'we\.r,  in  a  given  c;ise  be  more  convenient  to  work  through  a 
MUt.tMe  relay  rather  than  by  means  of  the  whole,  or  a  fraction,  of  the 
current  passing  through  the  cin  uit-bre.iker. 

A  mrrse  curniit  rchty  for  c.c.  circuits  is  inaile  by  .Me--r>.  l-trr.iiiti, 
as  an  adjunct  to  the  c.v .  inverse  time-limit  relay  described  on  page  1338 
(Uiti.  i.vSji  If  th.'  c  un.  iit  !>.■  n  v.'r^.'.l  tl;.'  motor  nm-  in  tlie  reverse 
direction,  and  .1  second  -ilk  c.>rd  tioin  its  >piiidle  .ut-  .i.uain-t  the  ior>ion 
of  a  light  spring,  which  is  holding  apart  the  contact-  at  c ..  Hy  setting 
lip  the  -pring  the  m.)t..r  .  an  Ix-  made  to  st.irt  with  different  currents,  the 
-tandard  s.  ttmgs  being  t..r  13.  .'5,  and  45  per  cent,  of  normal  load.  The 
time  element  can  be  varied  as  Iwfore  bv  altering  the  length  of  the 
g.ll)  ,it  c^. 

Tin  relay  shown  in  Fig.  1.3^4  can  also  be  modified  to  act  as  a  reverse 
continuous-current  rela\-.  inasmuch  as  when  the  current  is  reversed  the 
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movable  arm  will  Iv  'l'  !!•  ■  t.  I  t  .  tli.'  l.  ft  in-tiail  <>  •  ri^lit.  in.l  with 

.1  much  Miulkr  currtiil  iii  tli-  M.tN,  .»»  i>  • '  .  tlu'  -«  il.  .  d.-t  - 

"  liH-al  "  contiirt-s. 

Is'...  Is.      \(       /'.   .    I        III     \         ill.un-    l<\       '■   l>l.l\-    .11'     UMl.lllV  K'. 

*lim.it  t.>  w.>ik  with  Mii.iU  .iin.  iiiit^  ..t         r  with  wlmh  it  i-  u<>\  |n>-«il»l'- 
to  cncrgist"  tripsins  masiu-ts  iliri  1 1  iiwiu  \\\r     ,  i.nil.nh        .im.nt  "■'"'* 
lormrrs  ;  ri-lay»  tu  »>|wn  tirimt  -h>'i;lil  tli.  i.  imr  Im  u-.il  with     ii>'  \"h 
ttip  (tills. 

Thr-c  .liv  -lliiii.il    111   til.    (l.Mll.    .llicl  n..iL;li.  II.    (l.  l.uN  "I   ih.  ir 

(IrMgii  to  ihi'  iiiiliuiioii  w.ittuu  ti  I- .iiul  .  iu  i«\  111.  1,  i>  ill  -,  till.  ,1  I  l-i  \vl;>  I''. 
Fur  instance,  a  pattern  iiia«lr  hy  Mi->r>.  I'.  ii.mti  i--  l>.i-r.l  iipMii  tli<'  >.im< 
pniKijilo  as  thiii  iiiiliutinii  w.ittnuttr  dt'scrilifd  l.it«'i.  th.-  -pimx  >"ii- 
tiuUint;  tlif  iiirt..!  d\->   Immii;  i.   l.i.cd  hy  a  -mall  \vti«lit  lianyiim  lt>'Hi 
Miif  IT    of  a  >ilk  ■  .  I'l  th.  ..i!„  1  .  1..1  .il  whirh  i-  .itl.i'  li.-.l  l..  .i  -m  .11  .hum 
..n  i\u  lotur  spmdk.    Kxtation  l»r  hnwanl  \)t>\\n  i-  pi«  \t  iit.<l  \>\  ,\  -t..p. 
hut  if  the  disc-  tt  iuN  to  rot  tto  in  tho  opjwsito  direction  owinn  to  tli.-  n  v.  r-al 
of  tlic  iHiWi  r.  it  litt-  th.'  -iir]). ml.  (I  w.  iL;ht  .ilid  .i.  tu.il.-  a  . . .lit  i.  t. .1 ,  thu- 
opining  or  cIomiij,-  tiie  tripmil  cinuit.    I  hr  i.  lay  i-     t  to  op.  i.tt.'  wiim 
the  reverse  power  attains  a  pridett  iiuiu.  d  niat;iiitiide,  which  nm-t  not  h. 
l..^-  til, 111  III  p.  I  (.  lit.    I  th.  tioiinal  load  with  a  minimum  voltaic  of  J.> 
per  tent,  of  th.  ti.niii.ii.     Ihc  -<  n.  >  wiudiiif,'-  "f  'he  relay  are  connected 
to  a  current  ti,iii-h)rmer  and  the  shunt  wiiuUnys  t.,  .,  p,.t.  nti.il  tiaii-h.itn.  r 
if  the  supply  voltage  exceeds  .;oo  unless  im|K(laiice  i.iil-  are  u-td.  in  whi<  h 
case  the  instrument  can  1h'  connected  direct  on  circuits  (.f  voltage-  not 
ex.  .•.•diiii,'  650.    Or.  three-phase  .  iictiit^  th.'  i.  l.iv-  ~li..ul.l  h.    .  ■  .1111.  .  ted 
hetween  outers  and  neutrals,  and  if  an  .irtif 
it  can  be  obtained  by  connectint;   tiire  i. 
ItiMc  1(1. IV-  .11.'  i  iiipi(i\  1(1  In  ii-ii  ^  11.  lit  li  ! 
St  veral  circuit- (  in  have  their -liuht  wiii.i 
forme  of  propt  r  (  .ip.i.  itv  it  the  .  ii'  lui-  ;c 

R  iavs  spet  ially  ilesigned  tui   ba!,     t  • 
described  in  the  next  siction. 


i.il  n.  iitr.i'.  ;•. 'i"'  1-  H' '  .  --arv 
.\     -1  -tar,  ..1  li  1.  \\.  !  tii.m 
ut  (■'■.  :       ( oil^.    Relay-  oil 
iq  phid  i'\  1 .1."  potellfi.d  trail— 

11  t.-(l  ill  ....  •  '  .    -.1111.  Ml]i]llv. 
..n  1:.  ■    I .  I    prott  t  tloll  ale 


III.     ijAL.\NCLU  -V-llMstJ     .Kc.li  ' 

The  devices  hitherto  referred  to  in  this  t:.- :  u  i  should  op.  i,ii.  when 
a  f.uilt  (jcrur-  on  the  >y-teni,  aii.l  in  .  a-.  - ot  i.  ni].. 'i ,11  v  ov.  i load  or  of 
sudden  surge-,  liut  in  >o  opeiatini,'  tlie\  m.iv  di-t  ■  .iiiu  .  t  I.ii^.'  M  t  lions 
of  the  system  which  are  in  good  running  ( .iiuliii..ii.  In  .  \t.  n-iw  ,ind 
(..niplicat..!  -y>teni-  it  i-  ad\Mnt..i:.(iiis  to  h.ive  aUo  avail, ihle  what  iiave 
been  c.illtd  "  disciiniin.itive  i.rot.  .  ti\ .•  device-,  .ib-ohitt  Iv  tinaffected 
by  faults  external  to  th.-  -.  .tion  ..11  win.  h  tli.  v  .in-  pl.u  .  'l.  .md  de-iu'iutl 
to  disconnect  automatically  lauit\  apiiaiatii-  only.  l.,i\ui^  in  r.ivuu  ttu 
outlying  healthy  ajipaMtu- 
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Till'  lx:^t-kuovv•n  systom  tif  this  typi',  -prri.illy  wuiktd  mit  li'i    \.(  , 
circuits,  is  the  Mcrz-Price  protective  system,  t  xtt  nsively  u>e(l  by  tin  N>  w- 
.iikI  ]>>iili.mi  I'cwt  r  rompanies,  and  tht-  MiTz-HuntiT  split-cimiluctt>r 
>\>ti  in  (It  Vi  lujK  <1  Inmi  it. 

Mepz-Price System,   'riir  Miii])i(-t  .ii.i.ii.-.itiun  ui  iin-  >\~tuii  i-  to 

\\w  priitiction  of  a  siiif^lc  Jcithi'.  >uch  as  is  shown  in  Fig.  i..;9J.*  Ihc 
priiiri]>l<'  .  in].l.>vi d  is  tliat  if  thi'  fircl<T  be  porfcctly  insulattd  tho  rnrn  nt 
which  tli.w^  .iUt  .il  I!  will  be  the  .-.inn-  a-  the  cuiu  iit  wliu  li  ll>  in  .it  A  ; 
but  it  a  lault  develops  between  the  two  en(l>  of  the  cable.  Hu  m  uiiu  iU> 
will  (liff'-r  by  the  amount  of  the  leakage  current  or  currents.  Oil  switches 
S|  ,111(1  .  arr  iii~t.illrd  with  tlu  ii  tri]!  (  (.il-  c  ,  ,iiid  <  .  at  t  arh  cud  ot  the 
inie.  In  tile  diagram  the  tri])  .dd>  an  op.i.Ued  by  the  battniL-  and 
h..  if  and  when  their  circuits  art'  clo.-ed  by  the  local  circuit  contact>  of  the 
nlix  -  K,  and  K._.  At  each  end  of  the  fi  eder  there  is  a  current  tran?fonner, 
the  two  tr,ni-l«  ^nu  r^  Tj  and  In  ing  i  xactly  similar.  The  secondaries  of 
these  transformers  are  connected  as  shown  by  the  ]>ilot  win-,  with  the 

(.onnectioii--  ol  our  of 
them  reversed,  so  that 
if  the  entrant  and 
iiuergenl  euinnt-  in 


the  feedi'r  an-  the 
same  no  current  wdl 
flow  in  this  secondary 
.  iicuit .  in  wliii  li  .Mr 
the  "line"  eoU-  ol 
the  relays  K,  and  R.. 
feeder  the  entnmt  .mil 


Kip. 
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also  in  -eri(  -.  Il,  liowi  \ei  .  there  be  ,i  It  .d<  in  ih 
emergent  curn  nt>  will  differ,  and  the  l).d.in<  t  ni  the  ^econd,lry  coil-  will 
be  upset,  currents  will  flow  in  the  "  i>ih(t  "  wire-,  the  rel.n  -  will  act  and 
the  trip  coil-  oiienite,  the  n-\ilt  being  tluit  both  oil->witches  will  open, 
lhu>  cutting  tile  leeder  out  el  the  system  at  both  end>. 

The  api.lie.nion  of  this  sy^tem  to  thrii-plui^,  UcJcrs  is  -lu'wn  di.iui.mi- 
matically  m  Figs.  i,jc)3  and  1.394.  for  whidi  tiie  author  i>  indebted  to 
Messrs.  KevroUe  and  Co.,  who  have  made  a  >peciality  of  these  methods 
of  pnite<  tien.  In  botli  rii^uie-  innent  1 1  .in-forniei -,  1,  .md  T^,  an-  ]i1,uh'«1 
ui)on  each  main  conductor  ot  the  three-jilia>e  !e(  (ler,  biU  in  1  m  i  Ji*.; 
the  secondaries  of  these  transformers  are  connei  ti<l  in  -tar,  wliil-t  in 
Fig.  I  ..]04  t  iiev  are  connected  in  -eri<s.  ])n  .y.et  .it  tent  ion  being  paid  to  jKilanty. 
In  F'lg.  I.j/U  the  -eeond.iiie-  ■  11  liie  two  end-  of  the  same  conductor  are 
connectecCby  pilot  \\ir<  -,  111  -  n,  -  between  the  -t.ir  i.oiiit-.  and  in  ..all 
the  connecting  wires  there  are  the  line  circuits  of  two  rela\s  r,  one  at  each 

»  Tlit"-e  ,in.1  some  of  th'-  Mi!«:iq«i-r;t  tigisres  .ite  Uikt-n  from  naivfrs  risiiJ  lirfore  tht  luliluliou 
of  l-  ledrual  hn^inttrs. 


(■nil  of  tlu'  C' 


si">iiiling  pilot  win 


I  ,  I 


til, It  tlir  n-tiirii  cit 


iiit  for  I  ,uii  I  niiii'.u  ti'i 


i  iitial  iH'int>  at  till-  two  itit 


In  Fk.  i.  VH. 


tin-  ctlur  liaiK 


1  tiu'iv  i~  I'lilv  niir  i  II.  ult  t!i;-.n. 


til.'  >ix  -.•i-iiii(Liiii-  111  -.11.-.  .mil  HI  th 
wliiili   i^  iii-iil.itiii  tliintiu;ii.>ut.  tli.  iv  i-  t! 


1  11.  ml , 

H  lllll 


,  nit  ..|  -.lie  1. 


•  It  I'.K  ll   l  lltl. 


Ill    In.th    (li.im.iiii-    It    i-    ,1— uiii. 


.1    til, It  til 


rnnd.in.  -  > 


i|  till'  tiaii-li'ini.  1- 


■III:.  .  t. 


tll.lt 


wlllll    till'  lilt 


rfiit>  ill  til.'  111. nil  .  ..mill,  i.'i- 


lalaiu' 


(I  till'  1  .M.r.-  at  till'  t\\< 


!.l-    ,.t  til 


pilot  wires  ait'  hal.iin:. 


,mii  1!.'  I  un.  in 


T 


til 


111  l! 


I 

k 


I-    ri'l,i\-  .11. 
il  iiLtiiiiiL;  li.ip 


.nil,-. 


li 


1  r.  tiif.imli  .1  l.nil' 


nil   ullr  i.l   I  11.        '  ' 

i-mu  lU-  ill  an\  .  n. 


I-  tl! 


1  tl 


r..ni 


Incti.t-  .11. 


ilu- 


^-b  III 


■lit  .It  til'  I"' 


\ 


tin- 
i-  a 


.iiiln.toi.  i. 


aiii-i'ti- 


>iimilt 
tlirtf  ( 
.f.  b.ilanc. 


.  n.l-  . 
u  til' 
taillt  .1 
iinhi"  tut-,  til- 
vill  li 


/ 


(  D 


.!.  -ti.i\i'il 
!l..\v  in 


1  HI  I'  !  t- 


llh. 


.ll..t  \M! 


\ 


.mil  I'tii'  or  ttii'i'i 

1,1, i\.-    at     .  ,1.  li 


nt  till' 

,1  UlU 


uu 


.•jH  iatc.  i.iiiK'iit-  \m11  tl""     '  r,  I'r.u  i.  '  i":',. 
Ill  tho  local  <  in  Ult-  ..f  tii.-     ll'f";; !  "  ' 
\  1.1. 1V-.    and    till-  ttippu;;; 
[   ,,,il,  /,  .111(1        Ill  t',.-'   UMl't-  will   .il-i'  .i..I,ltr 
J    ami  upi  il  till'  111.1111  ■      lilt-  .11  .  I.  'i  .  Ill'  -'■ 

tfippiiiK-coil  mvtiit-   .If   i!"t  1.'   li.  t,iil. 

On,"  (liff.'fi'Mce  hrtw.'.  ii  th.,-  t\\..  .i.  i-i  .n.i-  tl>." 

,  -l^    ;.!iv-    ali.l    till,-  pil-T 

UUI-,  Willi. a-  1       I  ,■.(  - 
anil  two  pil.t  win  - 

It  li,-   r,..;ii  .  .l  tli.it    tl;.       1-  ''I" 

aavanlac.    .itt...li..l        tl>-    -^-t.■n,    n.n,.!^.  that 
two  nr  iiii.i.'  1m!'  I  NMi.  -   i".'!"  'I',  i!-"!.''":-  '-"'-t 
ho  run  from  vnd  to  .-n.l  of  i\w  U-v,\.t.  t!u.-  .ubl'.n-  t  .  tin-  ..-t  t 
f,v.W,  whether  thov  1.1-  ..ul.o.l.oa  in  tlu-  main  .al-L- ...  ...    -  p."-"-  '  - 
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nr,  for  overhead  lines,  he  nin  on  scpamte  insulators  on  the  same  pole-  ;i- 
the  iiiiiin  ir(  (lrr.  Tlie  voltn^'c  cii  t!u-r  .)ilot  wins  i-  cbviously  quite  low. 

Transjiirinos.  Another  simple  apcKcation,  whii  li  dues  not  involve  the 
last-named  disadvantage,  is  to  the  protection  of  transformers  as  shown  in 

FhtecCed  Trvinsformer   


IViman)  |  <  $  jSeconddry 


-WV\r 


(.  1111(1  — 


-Tttr 


.  nbliiu  l  iiricM!  Sv-lem  applied       I  r.in-i;.imer- 


YxK-  1.  ;u5  l..ra>in!;U-plia>u  tran>fornu  r.  Sei ies  t ranMoi n>er-  T,  and  'i ,  are  m- 
-en.,r'iu  \\v  ].niiKUv  and  seeond.irv  .iivuil-,  one  m  ea.  h  .nam  ol  the 
t.at.-l-.  Mu  r  1,  t  .  l.e  protected.  The  wiiidin!:>  of  the  tranMorniers  T.  and  t, 
are  Mi.  li  t..  ,.]!.. ^.v 'in,  i!„  ,...nn,,l  i.nio  ..1  tlie  .  unem-  in  tin-  tran>f..nner 
T  and  t!i.  H-  ^ee,.^.lalie-  are  ,,.n,u,i.d  that  their  i.Mi.s  ate  m  -ene-. 
\  current  theivfoU'  circidate-  in  tli.>  >ec..ndarv  eiretnt  thic.ni;h  the  .  .  in.-  t- 

in!^  wire>,  which  are,  ol 
et.nr-i',  (piite  -hoit.  The 
triji  eiiii-  I'l  .lud  <  j  I't 
tlie  liil— wUcller-  "r  ell- 
rtiit-breakers     in  the 
111, till  liiiiiit-  of  T  are 
eelllU  I  tell  HI  p.irallel  to 
twoequipoteiitial  points 
it  and  b  on  the  second- 
arv  circuit  of  an<l 
1.,,    ;nid    receivr-  no 
current    wlul>t  lliini^s 
are   normal.  Should, 
li..\vtver    tl'f  r.itio  of 
the  pi  iiu.ii  \-  and  coiid- 
ary  current-  el    i  he 
changcil    the  balance 
will  bo  upset,  and  a 
and  h  will  no  limi^erlbe 

It  the  -ante  potential  Currents  will  then  flow  through  the  trip  coils, 
and  if  sufficiently  laue  will  ..,„  „  ..,th  the  switches  or  circuit  breakers, 
cuttinR  the  coils  of  T  quite  eiit  ei  circuit. 

The  application  to  a  delta-delta  connected  three-i.ha>e  tiaii-a  wi^a 


Primary 


rig.  I,         Application  to  a  Three  phas*  Traii»form«. 


Palaxced  SysT^:.vs 
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.liown  in  F:-.  i,;<.",  h  m.<K  no  furthrr  .  xplin.iiu.ii  .  so  |.t 
to  point  ont  ih.it  thr  M  cunduli.■^  ot  th.'  M-ri.>  tn.n-.(..inu  is  i  ,  an.l  1,  ar. 
>tai-C(.nni  I  ti  il.  ,1'  aUi)  air  tlif  trip  O'll-  d 
tlu'  >witili.-.  th-'  t"ur  ^lar  \M\\i>  \niu^  a 
ctinntcttd  tn  caith. 

If  tin-  main  tian>iornu  t  U-  lUha  -t.n 
i  ,,iincrt(  (l.  all  .wall.  niii-t  1>.-  iiia<lr  tor  th- 
jilia-f  M  latluii-lilli  -  pa:;.  .,45  - 'U  tin 
two  >i(li>  ot  the  trali-l.'Mii.  1,  .11,.',  th.  i..!!. 

of   tran-fonnatioii  ou   th.    ~i...n.!ai\  -uh 
iiHi-l  l)f  intiva-.  >l  l.v  nmltiplyiiii;  hv 

All.. wall. V  imi-t  al-..  1>.-  111. ill. 
jH'linalU  lit  oU<-i.|-li,ilal'.  .•  .1111.  nt 

iltK-  to  ih..  p. -load  c  x.  uinL;  <  ur- 
1.  111.  an.l.  11  t!i<  tapi'lii;;- 
.11;  ;■  mail!  liall-l.ain.  :  .  siiuilal 
tappiim-  ii!'.l-l  hi-  ]ii'.\i(Ud  oil 
th..  M  li.-  tlall-t.  rilK  l~. 

IVtaiK  ol  th  nil'  <  ti..n-  i..r 

.1  .!,  Ita--tal  .  .-hi"  .  t.  .!  tIaliM.  1111.  1 

ar..  :;i\tii  m  l  i-;-  i..'.'(7.  ii' 
th.'  triiipini;  '"il-  ai.-  ..jMiai..! 

|,V  I.  l!\  -  all.l  II.  t  (111.-,  t  ll.'lll  till 
.  n.lari.  -  ..t  til.-  .  nil.  lit  tran-- 
tonnt-T-        in   l"iu-.    i.  Vn 
l.^Qt).    1". .r  iii  anii  ~- 
tlu 


..1 

aM.I 


Kijj.  i.,;u8.— Ilia- 
;;ram  ..f  _  the 
Line  Cir.  iiit*  uf 
the  Relays. 


('..niu  .  ti.'ii 
lilK  l(  nr.ir.al;-  ul 


I . 

th..  i  iiiiui-- 
-I  (-.iiulai  ics 

t!i.     hiu  (ii- 

.atit-  ..I  th..  liaii--l..Mii.  \\i;li..ut  th.'  1-'.  .il  uniil-.  .nr 
-liown  in  Fiy.  i..;m.^.  Th,'  .Midari.--  .>f  tin;  .  uii.  in  ti.iH" 
t.aiii.  r-  -  .11  th.-  (i.  lta-.  ..niu  .  tid  >i<ic  of  thr  niaiii  traiiM. .i nu  t 
ar..  .  .'1111. .  t.  .l  in  -tar,  whil-t  th.-  Mnnlar  M-.-..n«larit-- on  th.- 
-tai  ..iiiu-.t.-.l  -i.l.-  .11.  ...nil.-.  t,.l  III  .l.lt.i.  Ill  till-  ".IV  fli. 
pi,,,-. -ditfi-r.-iK-i-- ol  tin- f  nil.  lit- 111  th.-  111. nil  .  ..ii.lu.  t.,i-  ar.- 
t,ik.ii  int..  ac.onnt.  Tlu.  two  trippint;  loiN  an-  hroni^lit 
int..  par.iU.l  a.  r..-  tlu-  l.,itt.-rv  ii,  I'V  th.-  .  l..-ii>::  .•!  ,niv  ..n.- 
or  inoiv  ..t  tlR.  h.cal  o.nia.  t~  ..I  th.-  r.  l.iv-  Ih.-  liii. 
rircuits  of  the  rfhiys  atv  liri.if;..d  in  >tar  a.i.i-  tlu  ...u- 
iu-itii,,u  wir.-.  of  tlu-  M-cundari. on  tiu-  t\\..  -id.-,  -ind  it  i- 
obvious  tiiat  t..  .  ariv  ont  tlu-  j^.  lur.ii  I'luu  iph'  intluatt-d 
fur  the  drcnl.iiiiu  .un.  nt  iii.th...l  ..t  I  m.  i 
nui-t  In-  can  fnllv  worked  ont.    A  iiiM-  ./  i-  i"i'H  .l  a.  K.^^  tli.. 


nlay,  and  tiicse  fuses  pra.  ti.  allv  short-eircuit  the 


till' 


E. './''/■/:/€/.■■)■  /.V  •/■■■/A-  S/:j;r/cr.  of 


in  t!i 


,  im-  wia~.    It  anv  two  ol  tlir.-o  points  cia-. 
to  Iv  .,t  ih.    ~,,m.  •'  '""""^  ^^''^^  1'''"' 

,l„,,n^Mi  tiu'  l.i-r  /  until  ih-  tUM.  Mou-,  aiul  ll'. 
•  1,1V  i>  liroiitjlit  into  artion. 

l  lu-  b  ini.-  i-vinciplo  cm  hr,  ami  aiv,  cnipluyv.; 
t,  pi.-toct  ihr  vvin.Uiii,'-  ut  an  A.c.  f,vimator  Ir.u. 
anv  fault  ownnin.:;  in  tlu-  nia.liim-  itsi-lt,  an.; 
..tin  f  ;ippli'  .iti.'l!-  liavr  bn  li  liiatk'. 

Ill  ■  Ai.  i  /  l'ii"-  ivl.iv<U  -iun.Ml  tor  u>r  with  tlu- 
-v-t.  n-.^  AVA  l,.ai;n',„  t.u.a  bs  M.-i-.  K' V'-H' 
an-'  Co.  i^  >liowu  in  Vi^.  i.J'/i-  U  ...r.M-t-  . 
Milwtantial  two-limb  tl.'i  tro-maym't  with  a 
1,  ,1,,  .,,,n,,tnir  \Mtli  a  -mall  air-pap  to  fii-m. 
,  n.ulitv  ol  ,Mti-n.  W!:.  n  tlv  armatmv  H  raiM'.l 
th.-  I...U.-V  .m-mt  i^  i.i.hI.-  thiouuh  thr  tupping- 

,  Ml!. 

!^,'unn^  ilnt'  "tl..-  ..1  nivml  -1  tlir  u  lav  Mial! 
ivnuuii  clo.,.!.  Thi-  Nv.idit  w.  in  li^.  i..;'i<».  >~ 
>h,,wn  in  its  "down"  ].osition  conin'cting  togt'thtr 
tl„.  tu.,  11,  vli.l   .  -nt.h  t  -prim;.-. 

l-ur  il-.ivv-i-ha.-r  \\uikm:;  tluvr  of  til.'  -m?,'!.- 
pha-,-  :.-lavs  shown  in  I'li;.  ,iiv  a-rml.lnl  m 

,1.,.  ,nnr  >  a-r  .i-  -li-wn  in  Vv^.  1.4"". 
h,  i\.  ,oin,ut  wciu'lit-  .ippt'ar  in  tho  rai>od  posi- 
tion in  whirl,,  xvl.n  tlK  irl.,v-  hav,.  op,ratr,l. 
,1,. A  ,  ,111  he  ivplaccd  by  tlu-  pu-h  >pin.llc-  without 
opriiinu  tiif  casu. 

Mepz-Hunter  System.-This  .vstrm.  known  a.  th.-  "  >pht-.  m  .1:  f  t 


ai,a  -iiimltano..ii>ly  a  hravv  conLu  t  w.  iplii 
,  ,-,  ,1  aii.l  in  ia.hm,' il'iM^  a  p.irallfl  loiita.  t. 


I'ie.  -siiiKl.--|iti-'~'-  I 

Price  Relay  ("  LiH.al  "  tircu 
Closeil). 


-y-ti'in,  1-  >pivi- 
,i'll\-  -iiitablc  lor 
tlu'  -i-lri.  tivr  pio- 

tection  ot  main 
cabhs,  whctlu'V 
n  ,1  ,1  -  1  i  11:: 
mains,  intncon- 
ncrlor-.  diipli- 

l-lt.-  trrd.-r-, 

olluiv,i-i'  ill 
distribution  sy>- 
ti  ni.    Its  special 
LKh  autatois  that 
it  is  very  tit-iisi- 


l  i.;.  I 


,,o..-Mer,^cc  R.:av  f  .r  Tl.ree-pl'^-^  Working  ("  Lo..!  •  Circ  -its  Op."). 


tiw,  ami  will  opt-Kitf  in>t,nii.ir,.  .  ;>h  with  .i  -ni.iH  !;■' 
nuiiiit.     Oil  tin-  t'lh'i   li.iii.i,  It  i.'.iuii'-    ■  ■ 


:  1 


It  .IJU'll'  (1  t. 


.1(1   W  ill 

1.  II!  th 


,.!,  .  ■!  -|K  I  l.ll  I  '  '11- 
Ul.lHUI  IIM  lit    ft  till 


-]'littiii;;  ci 


,  1, 


-mil  Hull,  i  l 
coiiiluct<)i>. 

Till-  special  fiatiiu  i  !  Hm  -\- 
.■<iii(liii  tor  into  two  ]>arallt  l  n  n- 
ilii.ti'i-,    wliiili    mill   "iiU  1" 
l!i;litl\    iii>tiKitid   tii'iii  uin  •1" 
ntlitr,  as  >liuwn  in  I'l!,;.  1.401. 
which  i^  a  diai^iaiiiinatir  m  i  liull 
nl  a  il.nr-ri'ir  .^plit-rciKhiitnr 
li-ad-roM  11  il  aiul  ai  nu'iiii  li  1 
differing  only  Iruiii  Miiiilar  <.alili  - 
illiistrattd  in  Cluqiti  r  XI.  by  the 
1,11  t  that  »aih  ii'ii-  ri'ii-i-t-  <'l 
iwu   oval   iciuriiliic  ?tr,uiilril 
comhti'tors  which  at  the  iixl^ 
,iii     1  Itctiir.ilh-    crtnni'cttd  in 
].,ii.ilU  l.    Til'  1  •'nikictt.ir>  arc  nl 

,qii,il     '11  'tii.n,     and  in 

lUMiiKil  working  there  is  no  P.P. 
between  them.    The  oval  shape 

i-    ,ldi>]>tr(l    .1-    i;iM!l>    till'  lu'-^t 

^h^tlibutiun  ol  potential  strain  ,■  .  1  ■ 

in  the  dielectiir.    The  cost  of  such  cable>  is  said  onh  to  be  >h^:hth  ... 

,  \.  ,  —  ci  till'  ~t,in(l.ird  p.itti  rn-.  ,  ,    ■  , 

,    1    i       .    ,         ,,.,("  tlir  lore^  ot  the  1  ,ible  i-~  -tiown  m 
ihe  iiutiinil  ut  pictntinu  i-iH'  ol  tlu  loic. 

Fi«s.  1,402  a,id  l,4«^,  th,.  in-t  ol  wl.nh  -h..v.  ,1  -op:  lu  -...inl  eonihtan, 
and  the  n.n.l  one  m  which  a  leakage  laull  has  dcvdopm  lu  .ir  our  .  lul. 
U  each  ...d  ot  the  cable  the  two  l.alves  vi  the  spht  conductor  are  con- 

■  '  1  ui  nt  translonncis, 
upicsented  di.i!.;rain- 
iiiatically  b.  1,  and 
Tj  in  each  hguie. 
The  tiiid<lle  of  each 
w  iiulinL;  i~  i '  'iiin  ti  d 
throu.uh  .111  I'il  -\Mti.li 
tn  tile  n~u,il  -witi  li- 
gcar,  etc.,  the  energy  flowing  tinm  th.  ::.  iiu..t..i  1  m!  (,  to  the  load  end  w. 
The  core  c  of  either  transioriuer  1  c,imu>  ih>  n  i.il.nv  wiiidumwhich  i- 
closed  through  the  Hne  circuit  of  the  relay  K  c"  iitp  thi  uil  switch  j-. 
^Vhl  ^,a-  in  Fig.  l.-jiC.  the  roiiditionsarenorni.il  and  the  two  halves  of  the 
^pllt  conductor  are  carrying  eipial  cuiieiiir,  tli.'  corei      and  c,  of  the 


noctecl  through  the  ]>riniary  windinijs  *»t 


Tlitr  Si'lit"  oiKlu.:ttJr  Sys 


Kiij.  «,4.j.i.— Protcctnl  Kauliv  Split  Coniiuctoi. 
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translormcr^  are  n.,t  inag.KtiMd,  au.  .1..  tli.  y  boconi.'  n.aijnrti-fd  for  ov.t 
loads  or  anv  fault  the  current  from  which  will  .Ini'l'  "U'-'Hv  b.lu... 

tlir    t\M)    ll.iht.-  I 

tlu<  condtictor. 

Willi),  lli>\Vc\rl, 
,1    l.llllt    (IrViliip-  ,1- 

at  B  ill  Fii^.  14" 
it  is  necessarily  fii 
the  DUter  conductoi 

0  ().  and  the  inflowing;  runviit  at  u  i>  no  Vnv^w  .  iiu,ill\  dis  idr.l.  s..  tli.it  tli. 
l),daii;c  (il  ilic  tuagnetisin.n  circuits  on  r,  and  1.  i>  de-tio\,d.  In  1,  tli. 
cunviit.  iM^Mu-  to  the  outir  conductor  o  o,  is  increasetl.  and  its  niafjnetic 
cffcrt  M\rii"iwi  i~  that  of  the  current 
in  tlie  inner  eomluctor  /  In  i'-. 
till-  fault  be  near  the  « ml  w,  as  in 
1m-,  1,40',,  .1  l  UMviit  will  tl^w  troni  » 

1  t..\\.iiil-  the.  lault.  t-ntinlv  n- 
\ir~iiif;  till'  inagnetie  ilfcct  "I  tb. 
lower  hah  of  the  i>iimaiy  1  ml.  In 
biith  transfornur--.  theretnre.  current- 

an-  M  t  up  hi  t!lr  -.f.Ml,l.i|\-  ,  Ml!  lU- 
enit>.  tllr  I'll  -Ultchi  -  air  upmril  ,illd 
till-  lanky  cable  di-coiuiected. 

It  has  bri  ll  ;i-~lllllril  i'.I  lllr  ,lb"'>i 

that  the  fault  \\!ii.  li  (\in--e-  tin-  rel.iN' 
to  operate  11.  1  11!-.  (Ill  line  halt- 
conductor  only,  but  even  it  faults 
.ueuried  siinultam  iiu>l\-  on  the  two 
ll.ilve-  it  is  praclii  .ill\-  uiuim— ible  fur 
the  impedance  ol  the  two  l.mlt-.  and 
therefore  the  two  fault  currents,  to 
be  ^iinil.ii.    In  in.ietice  the  ..:l--\viteh 

is  M'  Coll-tllU  ti  d  111, It,  wilell  It  iiJielH, 

the  two  halves  of  the  split-conductor 
.lie  -epar.ited  froiu  cacii  otiu  r  as  well 
,1-  irnin  the'  bn>!>;u"s.  If,  therefnre, 
the  oil->witcll  iie.in  r  to  the  fault  opens 
before  till-  niure  distant  one,  it  leaves 
the  t.iult  on  one  half-conductor  only, 
and  this  seciui  ^  the  iniiiiediate  npera- 
tion  of  the  relax  at  the  di>t.int  end. 

A  thri'e-phase  sjilit-conductor  cable,   -j   -  . 

requires  a  current  transfonner  with  double  wound  primary  at  each  end  of 


1.4  14.— Three-pli.i'-*'  KccJer- 
cunduclor  Protection. 


nitli  Split- 


such  ;is  is  depicted  in  Ym.  1,401. 
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each  split  contlL'ctor  in  the  cablf.  Tli'  n'lnpl.  i.  -\>iini  v\  |>i..t.  <  tidi  loc 
>iu!i  a  cabU-  is  ^hown  diagr-iniatically  r.i  I'if;-  i.4<>4-  Attn  Un'  abovf 
<  \pljnation  this  diagram  will  bo  sclf-.  xplanatory.  but  atttntinu  may  Ix' 
calli'd  to  tlif  la(  t  tliat  the -(  (niidai it  - di  thr  thu  i- <  urn  iit  li  iiwlt 'i  in.  i  ~  ,it 


t  acii  I'lul  of  tlif  cabl 


.-tar-niniu  i  till,  a^  also  arc  the  "  'iiir  "  i  uiN  ct  the 


thrre  relays,  and  that  the  two  neutral  points  at  ••ach  t  i  il  an-  joiiud  toi;i  tin  i 
Till'  "  liM-al  "  contacts  <if  the  n  l.iv-  .iir  biid-rd  .1,  n--.  tlir  li'ad>  ol  tlic 
trip-cod  circuit,  so  that  il  .m\  one  oi  tin  1  >  lav  -  .1.  t    t       mi  opt  1   .  '■-c.l. 
and  the  oil-switch 

i>  optllrd. 

A  tlircc-pok'  re- 
lax   in.ulr    \>\  the 

British  Wotinu 
house  Company  l<'i 
u-c  on  -ncli  ,1  -]ilit- 
conductor  >yst(iii 
is  shown  in  Fij;. 
1  404  illu-tratid 
ill  l-i.u.  1.405,  ill 
which  the  three 
separate  relays  arc 
mounted  in  om 
rile  dctail- 
ot  tiie  magnetic 
and  elertric  circuits 
(i|  tile  I  1.  '  tro-iiiaL;- 
net^  I  ,in  be  readily 
made  out.  The 
armatures  are  very 
liizht.  and  shaped 
Ml  as  to  pn-eiit  a 
lart;e  ?urlace  to  the 


I  li;.  1,405.— Briti-h  Wi'stinnli  iU!*  Thrt-t-lwie  Rel  iv-  .«  Split  .       -.i.  c,: 
Sy>tPiii. 


pole  faces;  the  mountini;  of  each  is  pivoted  at  the  dde  .4  it-  left-liand 
pole,  and  the  air-.-ap  can  be  adju-ted  to  a  i-.icet\'  bv  tli-  ^cp  w  >.  It 
is  claimed  that  tlic  .ictioii  1^  -o  lapid  thai  when  it  'r^  applied  to  an 
overhead  svstem,  >lu  aid  one  ot  the  two  .-nductoi,  bieak,  tlie  oil- 
switclii-  at  -ach  end  of  the  line  Will  be  opened,  and  be  made  "dead  " 
before  the  end--  of  the  broken  conductor  can  teach  the  izround. 

Core  Balancing-  System.  -<tne  ..tlur  neat  l.alan.  nc^  .l.  \i.e  n,a\  bo 

mentioned  in  conclu>ion.  he  principle  is  -liown  diagiaiiiiuatic.dU  t-r  a 
Mtnnle  ca-^e  in  Fii;.  1.406.    A  star-connected  tlitvc-pha-e  aheniator  (,. 

'  ,  ,      .  .    ,  •  ,   ,  ,    .1  .1..  .,.,,1.  ,1, 

with  it>  ileuli.il  pt'iiil  laiilici.  ■<■■  m;- 

switch  S.    So  Ion;,'  as  the  in-ulation  of  the  tiaiiMin-ion  and  utih-atiun 


i.y  IX  I  in:  Saki/c/;  of  Max 


^v-t.ni--  i-  i.iir.t.  ih.'  .urn  nt  wliidi  .it  iiny  instant  i>  iM-iiiK  'l"wn  thr 
,,,.„1,.. ,,  .  ,,t  |,h,i-.  uiu-i  Htnin  tln<.iiL;h  ilir  ■■tliiT  n.mliittur*  ;  or, 
„,'.,,]'..  1  vv>.Ml  III'  -un,  .  '  tl,.  tlih.  .nmnl-niu-t  l-,-  z.-.o.  If.  thfivfon-. 
,„  .N.nvum..l  !.mnn.i!,.l  ii-  u  1..'  i.l.u,.l  n  un.l  ill.  tin-  -  n  ..iM.. 

.1,,         ^val  I—  1"  m.i.  iM  ti-  i!  .ni.l  ih.  .  mifiit  will  It  m  t  ui.  ..ii  tlif  wind 
-  ,,i  tl„  ,  .  ii  -mii  uii.liii;^  n.  tlir  ■       .met  ...il  Ixini,'  -iniilnr  to  that  illH- 
f  if.l  li;  I  I-  <.'.I.    >i)-uM  tl.ur^         \  .  1.  1"  .1  l-il-       ..111  ,.l  til,  phaM-. 

,,,„t  ..!  Ill-    .  UU.  nt  .InWIt  -liat  l-ll.l-    NMll  HtUll.  tn  Hm    j;.  !!,  Kit,. I  1,  h\  IHltll, 

,,,,.1  111-  -urn  -1  111-  .nil.  lit-  ..11  llir  tlii.r  ...u.lu.i..ir.  will  nu  l..nf^.  i  W 

.,  „,     11,   „ill  tli.r.fon-  1m-  in.ii^iu  tiM.l.  an<l  <ninnt-  will  be  b.t  wy 

':„  ,|„.  -,,..n.l,.n.  wln.l.  will  ..p"."-         •-'•'>.  'I'-''  ""'  ™" 
anil  '  pi-n  tin  ..il"\Mtili. 

ri„-  r..,.l.r  vJi..  wi^h.  -  t..  I..11..W  np  ..tlu  r  apph.ati..u>  ^li.'ul.l  .  ..iiMilt 
:,n  int.i.Miiu  .i!ii.  1    l.v  Mr.  K.  B.  WVdmorr  in  tlif  Journal  oj  the  Insti- 

M,„',.  ...,ntK  M."!-.  t.l.A.i  A  <  ■■■  1mm  \\..ik..l  ..HI  a  lialaii,..!  pi..- 
t, ,  liv.'  -\-t.ns  in  ( ..nn.  .  tinn  with  th.ir  "  t.st--h.ath  "  .  ablf  (.w  pa^,'.  115.^  . 

I'riiuiiilts  similar  tu  tliuM- 
\n~\  (l.-cribcti  arc  applied, 
li,  I.  -t  ^li.  aili  111  ini;  ii-.  '1 
t..  iiidicat;-  thi..u>;li  iila\~ 
when  till'  main  mmiits  ar. 
n.it  balaiiKil.  A  inimbtT 
1.1  in.ipuiil  and  miIut 
laiih-  tan  thus  bo  readily 
'  .Ifterted. 

Balanced  Systems,  C.C.  Working.    It  N  oln-ious  that  s\>tems  similar 

Th.  l..n,i;..iii-;  ■  .n  1>.  w.'ik.  d  out  lur  r.c.  .u.  iiit-,  aii.l.  a-  a  iii.itt.  v  ..1 
1,1,  t,  tlii-  ]ia-  Lu  ll  d..ni  with  Mimss.  Con>idfiatiuns  ul  space  make  it 
i■nllo-^iMe  li.r  11-  1..  t;i\v  the  detail-  t.l  the  solutionis  but  any  reader  who  i* 
iiitiie-ti  il  will  im.l  v.diiaMe  inl, .1  iii.itii .11  in  an  ai  ti.  le  bv  M.->r#.  Kose- 
beiinie  and  Ioum  in  J  kc  Lhdnci.ni.  V.il.  I.XXVIl..  pap-  iNi  liyib)._ 

We  eann.it  Lett,  r  .  U-e  this  s.fti.m  than  by  j,'ivin,ii  in  Plate  XV..  tor 
•Ahi,  i,  th.  ,intli..i  1:-  in.I.  l.t.  .1  t..  M.  R.-vr..lle  and  Co.,  a  diagrannnatu 
la\-..iit  ol  a  Lim.'  p..\\.r  tr.iii-iiii^si..n  and  .li-tribnti.m  scheme  with  the 
v.iri..ii-  }.r..!.  .  ti\i  .1.  vi.-.s  in.li.  at.'.l  in  the  ^.•"'-■nitiii.U  station,  th.'  sub 
-t.itu.ns  and  ..n  ih.  cun-nmer's  pr.inis.s.  The  system  is  tliree-phas. . 
but  ..nl\  a  -iiii.-l.  liii.  is  iis.  d  to  indicate  the  three  conductors,  except  in 
.ill  or  iwo  sjM.i.il      -ni.'ii-,  wliith  can  easilv  be  ideiitilud. 

rhrc.iit;lii'iit  th.'  di.iu!.!iii  tlu-  small  circl.s  drawn  n.iiiHl  the  conductors 
•nduate  some  sv-t.iii  ol  pr..t..  iir.n.  These  syst.ms  consist  of  (i.)  simple 
n.-tautaii...ns  ,a,;1..,,.1  r.  l  a~,  .1.  xi.rs  in.,rk..l  ;  (li..  time  limit  overload 
piof.tive  .l.vK,-,  mark..!  i  ;    iii.   ..rdir.,!i\  bakin.'ed  plot -■ctive  devices 


he  lay 
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r.!:-  T..  i.y  '  V  ,'///  S/^KUCA  Of  Max 
,^  ,.,  til.  MiiMH'  ulii'li  .'t         iiiM.int      iM-ini;  (U.wii  ti.. 

,,  :   ..,  ,        I'lii-    iniM   l.lUIll  tlin.ild.  Ill'  i-'lKhutfl--  ;  ..1, 

,„  .  t|..  .  tlr  -nin  .1  thr  tliri.' niii.  ni-  iiiu-t  !«■  Z.  I...    It.  tli.  i.  Im- , 

,„  ,  .,',nv..u;,.l  l,m.in,a..l  ii.Mi  ...i,   i"   lin-.l  nMUul  tlir  tin-,  mh.  .  .iM.  , 

,|„  ,,,,„  vv.ll        Ih  tn,i;;i..ti-..l  .m.l   uu.  i,t  vmU  !"■  H  t  up  .'U  llir  nmu.I 

„,.,,  ,,)  tl  il  -iin..u».lin«  It.  th.         .iii.l  MiHil.ir  l..  Il.  il  ilm 

l.~t..l  ii:  Vvz  u-,\.  >li'  'iM  til.  1.  Imav,  \.r,l»-  a  l...k  .m  .'tu-  ..I  tli.-  j-iu^.-. 
.,'„,  ,.(  .],.  .  nil.  lit  ,!.  -An        I'll-'  vvill  iitnin  t..  tli.'  i;.  n.  i.it..r    I.\  '-rtli. 

',,.1  ,i„  -urn  .1  til.  .uii.t:!-  .■II  til.   till  imIu.  i.'i  -         '1"  1""-" 

|1„  ,  ..i,  \\\\\  Ih.r.  t..|.  I-.-  lu.iKiHti^"!.  -I'l'l  .nii.  iii>  will  1"'  M  l  up 
 ,„l,„^.  Mlii-li  will  ..]«i.it.-  til..  I. lav,  "l""'  til.'  l..itti»-y  viriuii 

,11x1  .  I..  II  th'  .  il  -wit.  li. 

ri„.  n.Ml.i  wlh.  wi-li.  -  I.,  i.'ll.'w  ip  ..111.!  ..i.l.ii..it...n-  -li.mUl  .-..ustilt 
:,„  iiit.i.Mi.m  ,.iti.  1.  l.v  Mi.  H  Wxltn'T'  in  tli.  Jomnal  .;/  //;<•  Insli- 
'•,'■,.);  (7" /,',>.'//.•.//  /  '/;•■).'../-.         1  III-  (I'tl.S  \  P^'U'-  i.ir  ■^'■'/' 

M,.!.  i.M  ialv  M.-1-.  (.I..V.  I  A  »  ...  Ik.v.  w..iI<.  .1  ..m  a  halan.  .  .1  i-ru- 
t.tiv.- -v-t.n;  ill    .1111.' tiMiiNvitfitli.ir ''t.M-li..iili  ■' ..il'l.-'-  !'  'i.V^ 

I'tiiii  ipK  -  -iiml.ii  I.'  th.i- 
,  iu~l  (IrM-nlx-il  an  .i|.plii-.l. 

°^  '.  ill.  \i  A  -li.aih  iHiiii;  u~i.l 

I,,  iii'lu  .itr  tlii..iiL;li  ti'la\- 
wlii'U  ill.  m.ini  .1111.  lit-  an 
n.>t  balaiu.-.l.  A  iiuiubtr 
..f  iiuipiiiit  and  (ithci 
l.mli-  .  .Ill  thii~  bf  ivailily 

ill  !.■.  Ifll. 

Balanced  Systems.  C.C.  Worklngr.   it  i^..in-iou*that  -v-i.ni>>iinilar 

lun-Mii-  .  .ill  1..  «.ik..l..iit  l.'i  .  .  .  .  II.  nil-,  .m.i,  i~  a  iiiatt.T  ot 
1,,..  t,  till-  ha-  l...n  .l.M.,  wall  -n. C.nH.l.  i„ti..n-  -l-arr  in.ik.  it 
inip.'.-ibl..  t..:  11-  \"  siv.-  til.-  a.  tail-  ..t  tlu-  -oluti..n-,  but  iiiv  i.  ...1.  i  wlu.  i- 
ait.i. -t.  ii  will  iin.l  valii.iblf  ml..Mii.iti..n  in  an  arti.  l  bv  .M^■-^r^.  K..^.- 
1„,„,,„  ,u.,l     .  ;l-.  in  f-.'    /.■<..'/u.,n,',  \-m1   l.XXVII..  p.i-i-  iNl  (IOIO). 

\\,.  i.nii,..!  i..H.!  .1"-.  till-  li. .11  til. Ill  uiMii-  '.11  ri.it.'  X\,,  II-: 
..vUidi  tlu-  aiitl,..i  1-  ui.l.btr.l  1..  .\1.-M^.  K.\i..ll.'  .iiKl  <-....  a  di.im.iiiiinali. 
l.i\-..nt  (.1  i.ii-f;-'  p.  w.i  traiiMiii->i>.ii  aii.l  .li-tiibnti..n  Kiuiiic  with  ilv 
\.,ii..ii-  pi.it.  .tivi-  .1. in.li.  .it.-.l  in  tlu:  i;.  lu  latiiii,'  Matii.ii,  tlu'  Mil.- 
-.t.iti..n>  and  ..n  tlu  i.ui-uimrV  ].n  iiiiM>.  I'Ih-  ?\-t.!ii  is  tlir.  r-plia-.  . 
|,ut  only  .1  -iiii:!.  Im.  i-  u-rd  to  iiidi.  .itu  tlir  thr.  r  ,  ..iiiiu.  t..i-.  i  xc.  pt  in 
(lie  ur  two  -i.iii.i!  ]•'  -ith.iis.  wliicb  ..in  .  a-ily  be  iduiUilRd. 

riiruui;!!.  lit  ill.  .1i.i:,'  .mii  tli.'  -in.dl  .  iivl.  -  drawn  round  tlio  cunductoi- 
iiuhcatf  -oiiu'  -v-t,iii  .1  ...i.  I. Mi. -11.  riir-.  -\-.t.  iii-  coiiM-t  of  li.  -iiiip!' 
iii-t.intan.  ..u-  ..v,il...id  nl.,.-.'  d.  \ia>  in,,ik.  .l  ;  ai.i  tiiiu'  Hiiut  ..v.rlua.l 
i.u.t. .  tiv..  .1.  vir. mark.  d  r  ;    iii.i  oidinaiv  b.il.in.  id  piut.  ctivf  dcvict< 
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.  I!  1.1  (1  i;  ,  III'  1  i\  i  .  ■  I  >  I'liili  V  li\  !■  ill  \  i. .  -  iii.it  1,.  •!  I  .  111!-  I  I  |.,iM 
i  till-  ill. 1111  tliiir  .111-  lliiri-  f,'<iu  i.itui-  ill  i:- in  I  .it  i  tiii.tii.  wnh 
luii  ■iiiti.iliiii>  >t.ii-t  i>im>  itiil  .mil  \Mtli  till  I.,  uti.il  (..Mit-  i.iitli.il, 
Ih.  .iini.itiiii  NMinlin:^  •  .111  I'li'tiitiil  li\  I  i'lliii  111  -\  iiiii  .1.  Ii.iwii 
■i i|'  1  in<- \\ iikIihl;  on  mil'  1  it  t 111  iii.i' liiin I  In  i  iiin  iit  lii  iu  ilii  l:i  m  i.iiiii> 
'  broiitilit  to  thi'  iiiaiti  lni>l>.ir-,  \s liii  It  -i\  ii.ui  tiii--i'  !i  imlrt:-  .ni 
!ii.\Mi.    I. .nil  liiiUr  i>  tittiil  with  tiiiu -limit  i<\.ili>.i<l  .unl  \Mtli  ImI.iihiiI 

■i'li.ti  1  ll\r  ,l;i  .11  . 

rill  >r   Iriilit-  .111    ^lluWII  .1-   -ll|i)i!\ 111-,   ilni.:'.  ,i    inin  in  1    I'l  III' 

t  iiimi-  ill  whiili  tltif  .iir  1        iii  tin  'li.)i;i,iiii,  .ill  ii|.ii..tnl  |i\  ImI 
!u.  Ill  |iiotii-ti\'f  ^'f.ir.  wliii  ii.  liuwrvii.  li.i-  till-  ili.i\\l..i.  k.  lit. it  tli'- 
\-i(iu    1-    lilt    iiimil.inli'il    ak'.iiiwt    riit.iin       iiimi-    i  ml'  ,      |,ii  m 
t.iiiir.  tlii-~  pioti  i  livi-  nr.ir  woultl  not  jmiMilt    |..i   thr  Hdl  itinii  .ii  i 
iib-st.ilinn  in  tin-  rvi  itt  ot  a  >liiirt-i  iii  uit  mi  ii-  l>ii-l  ais.  ami  il  tln- 

!i.i]  i]ii  111  (1    till     wlii'lc     -\  ti  111    !iiiL;lit    !'i     -hut     ilnuii    !>%    tin  lii.i\\ 

iiirniil^  -it  ii|i.     111  ^11. ml  .ii;.iiii-I  -iti  Ii  i  "iitinui  lu  ii -,  llir  1 1  iii-tni --ii  •!! 

in  twnik    1-    iln  iiliil    iiHi)  aii  a^   wliii  li    .iii     iiiti  i •  <  iiin  ■  li  il,    tin     itili  i 
nniltrtint;    lahh^    II  II  It    111  iiii;    ]>iiit(itiil    li\    mutant  am  <  ai-  nNillnail 

:rlfa~(  -  II.  whii  li  will  i  iit   mit    tin    vt.itimi   In  Imr   iK.    liiin    nvi  1 1. ..nl 

nil. 1-1  .11  ill,  Lii  til  I. it  111^  -1.111.111  1  .111  ,i.t.  rill  ilti;^  liiitti  ■  I-  .1111  till  1 
tiili  lc  ulim  (  tiiii;  iliMif  till-  ail\ ailtai;i  -  nI  wlinli  li.i\i  luiii  iiliiinl  in 
1  NcvvhiTi'  (><■<  ]i.ii;i-  ijoji. 

.\t  i:  tin  1 1    1-  .111  1  \  ■  ;ii I'll'  nl  w  li.it  li.i-  I"  <  ii  ti  i  im  i|  '  I.!;!  .  ii,l  "  .  i  .ii 
ii.  .  timt,  ill  wliii  It  .1  -nil) ill  t liti  i  -w  in  i  ,ilil<  i 'iiK  i-  i  nti  in  .i  lii-l.itil  ~iiil;|i 
iil)--t.itii)n.    Diilv  .1  lull   balam-iii;^  sv>tini      it-ril  at  tin   iti.ii  rml. 

Tin;  consumi'i  's  lu\v-viilta.!.;c  t  i!iiiit>  ate  uiil\  imlii  .itnl  tm  mir  nl  tin 
-nb-staticui'.,  ami  call  lor  no  >j>rrial  ii  iiiaik. 

IV.     I'Ki  III  !_  llnN    \i,AlNsr  SVKGl  >  .\Mi    \i.\!V-.l    \  I  M.  .«nil  KIL 
ILlXTKIilTV 

Till'    rhii  I     1  .Ut-i'   iif    ItnllMr    rMrfll.il     !•■    'in'    cirCUlt    (^.■■-   I.IL,'i-  I.--!' 

1-  thi'  ii.i--tlitlit\  nl  tin-  ii\i  t 111  .111  liti-  I.  ii!L  -tnick"  b\  li^hinitu.  .unl 
till-  il.iiii,'iT  (:mi--rqni'ntty  ot  tlii'  (Inti  ir  lii  i  li  u tlm-  l.iuiti  hml  iipmi 
till'  circuit  limliiii;  its  wav  dc-tructivi  ly  tn  ■  .irtli  1>\  tin  i  omlm  tin;,'  {i.ith- 
tlirotiub  tin-  apji.iratii'^  or  iti.uliim'  (onmctiil  to  thr  lim .  '.  au-r-  nl 
trntiMij  iiinir  liii|tiiiit  i  \.  11  ill, ill  thr  ihii-it  ^tiihiiiL:  I'l'  till'  lim-  atf  thr 
ituliicct  electric  sui'giiit;^,  due  to  lii;htu'.n|,'  di-i  liar.i^i  -  in  tin-  vicinity,  anil 
also  the  slow  accumulation  of  ^t.itic  electric  ■  h.iri:'  --  on  lim^  which  form 
ii.iit  of  ,t  \vi  11  iti-ul.iti  il  1  ill  nil. 

rin--c  c,iu-e>  111  tiiiiilili-  and  ■  li  lh.il  il.iiiu'':  . miin  i  ti  d  with  llnm 
Were  forced  on  the  attetninu  ci  electrical  iiili!  i-  in  tlii  i.iilie-t  d.ivs 
'  I  the  use  of  overhead  conuuctors  for  tt  le;,i.ijihy,  and  the  di  xiie..; 
I  niiiloyed  to  divert  the  t  neri:v  nf  thf  (  iin-^eijm  nt  di-ch,ii:.'e-  frmti  the 
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apparntn-i  and  tlic  operators  of  tel.'srapliic  and  tt-li'phonic  circuits  ;in 

d.-.-iilu'd  ill  Xhv  -rrt|..|W  .l.  \-.>t.d  t(.  thr^r  -llhj.vt-. 

llic  chu'f  dituivnc.'  h.'twccn  -ij^ii.diiiiK'  nr.  nit^  .dl  kind-  aiid  ii..\v 
circuits  in  the  prccaiitions  adopted  on  the  <  irriiit-  tli.  ni>.  lv.-.  aris.  -  !i.  : 
thr  r.u  t  that  tlir  Litter,  tiidike  tlii>  totnu'r,  li.ive  hir^'e  resi-rvi-,  of  pow  ; 
eoiineetcd  to  the  ein  iiit.  and,  a.  tini,'  like  the  triRpT  of  a  trnn.  th.  lii,'ht- 
niiifi  discharge,  as  will  appe.ir  l,iter,  m.iv  .  ,ni-e  the-e  re-n  vr-  t..  ,r  , 
destrvictively  at  a  i)oiiit  in  tlie  circuit  it  which  ii"  -m  il  action  wcv..  . 
otlierwi^e  take  place. 

Fu-e-  .ind  .  iivuit  iMvaket-.  to-i  til.  I  with  tl|.  v.irinu-  ,ui\iliary  apparatn- 

deMKneil   to   make   thmi    III.T,-   ,lf..tlVe,    a-   de^llbed   in   th.-  prece,hll^ 

sections,  may  be  regarded  a-  providing  fairly  good  protection  au,ii!i-! 
th.-r  taiilt-  whicli.  fmm  an  electrical  point  of  view,  develop  rather  slowl\. 
Th.A-  ni.iw  ,iiid  do,  -um.  tiiiie-  tail  to  act  when  the  danger  arise-  fr..!ii 
el.  ,  trir,d  -nmiii,:,'  or  tr-ni  ,i  li;:hlnin-  ili- h.ime  which  d.-wLp-  m.  iMpi.i!', 
that  the  tune  which  a  lu-e  t.ike-  to  blow  or  a  circuit-break,  r  to  ..p,n  :~ 
long  in  conipari-on.  Thev  operate  l)v  the  concentration  of  an  exe. 
sive  anKuiiit  oi  |M.\v,  r  ,it  th.  jili.-.'  wli.  r.'  th.'  fault  occui>.  and  in  hi:.!^- 
povver  svsteni-  iiuuli  .l.uiiage  may  be  d.ni.-  beb.iv  they  act.  Thev  ai. 
also  of  limited  capacit\-,  and  eitiier  fail  or  have  to  be  inaile  of  .i  -i/e  w  hi.  1; 
i~  e..miii,rciallv  impracticable  if  th.\-  are  t.i  deal  adequatelv  with  tii. 
.  oiu  .  iitiat.-d  p..wer  of  a  l.iri;e  tran-mi-i. .11  and  di-trilnition  sv-tem.  Th.  i. 
are  ,d~..  the  c.i-.-,  whi.ii  i.  .iuin'  .luit.-  diff.T.  nt  tivatm.  nt,  of  a  hn. 
i)ecoiniiig  charged  t.)  a  high  pot.  ntial  by  utmo-plu  ric  inlhieii.  >  >. 

.S;^/-,  s.  Then  there  is  tlie  other  class  of  disturbance-,  which  un. 
ri-,  i..^n<M.'nlv  developed  -uri,'.-.  It  ha^  b.  .  u  i..)int.  .1  .ait  in  th.-  111!- 
ducti.in  to  thi-  chapter  (sec  page  I.JJI)  that  mi.  h  vi.-l.  nt  eU-ctrical  impiil-  ~ 
mav  be  developed  in  a  circuit  bv  imjToper  >witching  arrangement-, 
w-11  .1-  b\-  Mid.l.  11  v,uiati..n-  ..f  l.M.l  and  by  fauhy  apparatu-.  A  licl;t- 
niii^  dischai-.i;.-  through  tli.  Im.'  i-  al-o  an  .-xample  of  an  exceedin^ls  i..i.::! 
electrical  impul>c  which  must  be  guard.. I  ag,iiii-t. 

Th.'  protective  apparatus  of  whatever  kind,  provided  to  ileal  with  -u.  h 
imiml-es,  is  usualK-  ]ilaccd  tuainly  in  a  branch  circuit,  and  has  the  eftV.  t 
of  providing  a  sab-  p.iih  t..  l  arth  f..r  the  ,li-ipati..n  of  th.  el.  cti  i.'.il  .-n.-ri.'v 
-uddenly  concentrated  thereby  at  a  particukir  point.  The  selection  .  f 
the  points  where  dangerous  concentrations  may  occur,  and  which  ought 
to  be  protected,  i-  a  m.itt.  r       .  ,ir.-liil  . . .ii-iil.-ration. 

All  dangerous  Mirging-  and  lightmiig  ih-.  hart;.  -  develop  high  imti-r.- 
tials.  which  in  the  lasl-named  cases  ma\  run  to  millions  of  volts.  P.e-i.l  - 
,1  wi.le  raiiL,'.-  .>(  ]i..^-ible  voltag.-,  thev  also  differ  in  frequency  or  periodica \ 
Irom  the  low  frequency  of  th  i>i>lv  circuits  throuuh  the  much  high,  i 
freipiency  of  various  harni.'iii.  -  nii.  ImUng.  it  iu.i\  b.-.  -"m.-  v.-r\  hidi 
harmonic>)  to  the  excessively  lugli  livquencies  ot  tin-  iigliiiiiiig  di-ihai-. 
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into  till-  (  in  uit  in  whirli 
,1'  til  iiuluc  i.mi  r  i-N  ftinh,,r- 
n:r,f^,!y  .rs  Ihc  f>\qniihx. 


(J) 

I  -! ' 

Idl    illlirlrlit  llr- 


irai  tani'r- 


l  Aia  K  \\.    \  Ai  I  I  ^  I  u   Kim  i  as'  i:  in 

">ll\l-  Al    \  \Klor-   IKK"I  KM  lE^. 


iifi'rnil  ti)  i'ImavIu'Ii-.  Fur  piutirtidn  against  tlu'st-  liijjli  voltayi'-^  and 
varied  frequencies  tlirn-  air  available 

(</i  Indiirtaii' ■  ~. 

[h]  Capai  itu  -. 

(f)  Spark-t;ai)>  ut  variou-  kind-. 

Inductances  and  Capacities.  -The  ditferent  .iri  trieai  propertie-  ..( 

indilctan.  r^  and  c  apacitir-,  a~  wtH  a-  iIk  u  nimirin  ai  \alii(-.  sli,.uld  lie 
liuiiie  in  mind  ulun  dcaliii;,'  with  tlieir  u^r 
inductanee  and  <  apaeity  intnxluee  rtintmii 
they  are  phiced.  but  win  ica-  tiie  la  act am 
tioiuil  to  the  frtiiuciuy.  that  ihir  tu  capai  itv 
Thn-  (>.r         I.,  pau.-  5))  and  ^47)  :  - 
I  ndurtive  i  i  aetam  <■       />  i.  ^ 

I  aiiai  Its   ii  aclalii  1- 

ill  the  aniu  \ed  lal)le  thi'  x  alilo 
qneneies  are  \(\\\'n  for  api)n>xiniate 
\'alue>  (it  one  of  thr  |iri>teit i\c  in- 
ductance-, and  one  ol  thi'  jirotcc  live 
condensers  docribeil  later.  These 
reactances  become  the  impedances 
if  the  ohinic  resistance  in  series  i- 
ii'-lit,'ible  (onip.iii-d  witli  tin  ri.iit- 
ance.  The  nett  re>nlt  i>  that  loi  the 
low  frequencies  of  jiower  circuits  ,the 
iiidui  t.iiice  -rl(  1  trd  li.i-  a  nrL;li:;ibli- 

n  aetaiiic,  but  that  lor  the  hii;h  fn  cpu an  ie-  oi  the  lii^htni!){;  di-c  h.ir^e 
it-  impedanci'  due  to  reactance  heconn'S  so  liif,'h  as  to  limit  the  value 
ol  the  current  for  a  \  oltaL:e  of  250,000  \dlt-  to  i  ainprn  .  ( >n  thf  other 
h.ind,  for  the  low  fri'quencies  the  impi-d.nue  due  to  thr  <.i|i,i(it\-  is  >o 
.1-  to  stop  tile  <-n-irnt  entin'K'  when  ,<  ;lhe  1  .<  .  c.i-i  ,  .tnd  to 

cut  it  <lown  at  ordin.iry  tn  iiueiK  ii  -  to  a  >niall  value  for  ev  en  liij^h  >urge 
voltasjes.    But  for  the  frequency  of  a  lightning  di-charge  the  iin- 

prdincc  ot  thr  r,iparit\  i-  -o  low  that  tlie  ( ondenser,  if  place<l  between 
line  and  rarih.  act>  practically  a>  a  diud  tartli. 

Spark-gups. — The  third  typo  of  apjKirattis  mentioned  above  'the  s])ark- 

.lets  ipiitr  diffrrmth  .  I'.lretl  ii  allv.  It  1-  .1  i  caidi  ll-i|  ol  r\rr--i\  rly 
low  capai  it\\  but  it-  action  I'or  |)i()tr(  tivr  piupo-r>  d.  pi  iids  ujiou  the 
relief  obtained  by  tlu  bir.ikdown  of  the  dielectric  under  the  elec- 
trostatic stresses  when  the  -park  pa— e-  an<l  thr  .  oiid<  hm  i  1-  ili-i  barged. 
The  laws  of  the  electric  di-charge  under  ordinar\  atmo-pliriic  pre--«re 
lia\<  been  considered  at  length  in  Chapter  XVIII.  and  other  parts  of 
Vol.  I. 
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the  (li-vii'i - 
till  1(  .iriu  -■-  til  ill  -1  III'. 


1  vrH  AI.  Al'l'AKA  1 1>  IN  -i 

Inlorc  (UMiii)iii,i4  biicflv  tlic  arrani,'cmint-  fnr  utilisinf; 
iw-'X  rcfpiTi'd  to,  il  will  h<  i . mvi  nit  iit  .ind  i  himIii 
somf  of  tho  app.inituA  now  in  use.  in  ilniiii,'  wr  >!i,til  lulluw  tli.  unKi 
tabulated  on  page  1353,  descrihint?  last  of  all  ap])aratus  whiili  inibiHlu  ~ 
tlu'  I  li.iiMi  ti  ri-tic--  (if  mnic  than  one  1  la--. 

(.( I  Inductances.— The  inductaiu  i  ~  iim  <1  li'i  pmlidiw  piiii<.iM- 
fall  into  two  types  according  as  tlu  v  arc  rfquircd  to  offer  high  inipedanci 
(i.i  t(i  ln!,'l;-fn<nienry  or  (ii.)  to  low -free juency  currents. 

riic  lir-t-naiiu  (1  t\  i>e  consi>ts  of  air  core  or  ironless  inductances,  for. 
as  ,-hown  on  Table  XX.,  a  mii.iU  fraction  of  a  HiillilHin\'  i-  riillkiuit  tn 
i;ive  a  large  reactance  in  a  circuit  subjected  to  the  h.'^ii  ireciuency  of  lii^lit- 
ning  discharges.     Such  inductances  are  now  frequently  referred  to  as 

"chokiiii,'"  iir  "ibiikr"  inil-  tun:- 
which  ale  ii--<d  il-(\\iuii'  and  in 
otlii  i  n  iiuit  i  tioiis  in  this  book,  aiul 
which  well  <  \pn  ~s  the  effect  of  thr 
coils  in  a  hi,i;h-lic  queiicy  circuit. 

./,■;;;;,•  ( ■(;;7\  for  Hl^ll  f  I'i  i/IU  Ih  I, 

—  Sufhcieiit  in<luctance  to  produce  tlu 
effect  required  is  obtainable  ill  many 
iMMS  bv  a  tew  tiirr-  i>f  an  (i])('n  -iiii'.il 
such  as  are  shown  in  ekvation  aiid 
plan  in  Figs.  1,407  and  i,4oS,  whu  !i 
are  from  drawings  of  a  standard 
j)attern  manufactured  by  the  General 
Electric  Company  of  London.  Tin 
>piral  is  made  of  stove  enamelled  copiw.T-wire  mounted  on  porcelain 
insulators  on  a  cast-iron  base  for  use  in  circuits  in  which  the  low- 
lH  ()nriK\-  yiowi  1-  I  urn  iits  may  have  a  vullaj,'!-  up  tu  u.ooo  V(ilt>. 
There  are  ten  standard  sizes  with  overall  lengths  \arying  from  14  to  .io 
inches  and  from  8  to  l.^i  inches  high.  The  gauge  of  wire  used  is 
ilctc  rmint  (1  bv  ilie  maxiiniun  luad  currmt  of  the  circuit,  into  which 
the  colls  must  introduce  only  an  inappreciable  resistance  The  external 
diameters  of  the  spirals  vary  from  2I  to  4J  inches,  and  ten  tuin>  .11. 
-hown.  Taking  these  dimensions,  the  inductances  of  the  coils  will  bi 
approximately  0  0024  ''"^^l  0  0062  millihenry  for  the  unit  permeability  ol 
the  air  core. 

In  practice,  much  more  opi'n  coils  are  lrequintl.\-  used.    The  coil  fer 
which  T.dile  XX.  is  calculated  had  a  diameter  of  10  cms.,  a  length  of  .p 

cm>..  .md  idii-l-trd  111  tw.ntv  turn-,  it-  inductann-  being  taken  at  en.) 
millihenrv.     The  inductance  lan  lu   increased  by  Using  iron,  instead  ui 


Fig.  1,408. 

A  Hi::h  frtqiiency  Choking  Coil. 


.Uk-okk  C/ii'Kt.\t;  Coils 


'3S7 


'il  ij  ill!  Ii.-  jn  111.  ,111  .li, nil.  1,1 
qu.irr  ihiii  \,iii,  w.i^  t^iuiiil  I 


iii'l  con- 
Ii.i\i-  ai! 
U>v  material  <.|  unit  p<  i- 
~  Miillilu'tirv.     Tlif  ditfrr- 


ci->[>i).  r,  v.iir.    r,,r  in-i.m,  ,  ,  a  , 
>i~tiiii,'  ul  liltii  n  turn-  nt  ^-iii. 
iiuliutaiuf  ui  aiiiiiit  o-i  millih.nrv.  wli-nM- 
inoability  it-  indiirtaii.c  would  j.,   .1  III  .lit  I  i-i  1  , 
<'nci'  is  iidt  -<i  i,'tiMt,  ImwiAi  r.  a~  iiiii^lit 
1)1111  t  xpt  i  ti  d. 

A  ciiriuus  ihukins,'  coil,  known  a-  "  limk. 
ArrcsttT,"  is  -liown  iti  tHn  in  Vi^.  1.41H1;  it 
t.ik.-  til,    1,11111  ,,)■  a  kind  d  tiian-uiar  -pifal. 
thr  line  wifi-  li,  iiil;  ,  lamped  to  the  Im-.  s  ot 

the  innermost  and  outermost  triantjli  s,  wliiKt 
<ine  oi'  the  outermost  lom,'  sloping;  -id,  -  i- 
ntilised  lor  the  in-ul,ited  -id.'  oi  the  liurii-i;ap. 
Ill'-  ilicluetanri'  1-  xcry  low,  but  snilieient  to 
damp  a  v.  iy  lii-h  frequency  dischargi'. 

A  more  normal  pattern  of  choking'  coil  (or 
dis-ip.itini;  the  enn-v  of  liii,'h-ln  (pieiicv  >urges 
is  shown  in  Fi^'.  1,410,  wiiieh  illustrates  one  of 
the  staiid.ird  i)atterns  of  the  General  Electric 
Company  of  ScheiiectacK .  The  en,  r';\  -u,  ii  ,1 
coil  consume-  at  the  ordinarv  frequency  of  tin 
line  is  practic  .ill\  iiiai)piei  table. 

Choking  Coils  far  Loi.'  I'rcquatcics. — These 
to  limit  the  effect  of  surj^os  duo  to  short  circuits  or  ..thn  -uddeii 
(hsturbaiices  at  the  frciu.  n.  \-  (including  h^irmonics)  of  the  p.iwer  currents. 
Froiii  this  point  of  view,  they  are  sometimes  referred  to  as  "current 
liuntiiiK  reactances,"  "current  limiters."  or  more  simply  "reactors." 
The  last-named  term  is,  however,  objectionable. 

If  unprotected  by  mhui- 
thiuK  more  than  devic<>-. 
whicii  t,iki  an  a]ipi,',  iabl, 
time  to  t.  a  iitodeiii  lar.L;, 
transformer  would  he  sub- 
jected to  enornioii-  me- 
chanical force>  in  the  e\i  at 
ot  a  dead  short-circuit  -iid- 
detily  occurring  acro-s  two 
of  its  serondarv  terminals. 


I  t,,'.  i,4o,>, — The  Burke  (nwjltin,4  Coil 
an,i  Spark -jjap. 

iiiduit.nice-  .lie  intended 


have  actu.illy  he,  n  ]>nMlu(  i  (l  h.i 

ch  ; 

'P 


An 


in  I'll,'-. 


't  ■  ,'!■■,  t-  will, 

,uid  <).;4.  11 


been  given 

inductive  re.ictance  of  such  a  transformer  is  less  than  ,5  i)er  cent,  or,  n\ 
other  words,  the  induc  tive  drop  in  volts  due  to  it-  re,e  t.iiic- i- ,it  normal 
full  load  kss  than      per  cent,    h  now  a  dead  -iiort-cucuit  occurs,  the 
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instant.m.  uu.  oinvnts  will  Iv        or  33  times  the  full-luad  airn  nts.  Hni 
till-  mechanical  forces  developed  inside  the  transformer  are  proportion.! 
to  the  square  of  the  current,  and  th.-v  wouhl  thus,  for  .i  brief  pcno.l. 
be  (v.r  <'r  ro.,o  tuur,  tlir  normal  for.v^.     It  is  not  therefore  surpn- 
in},'  that  effi-cts  such  a>  are  depicted  m  \:^^.  «».;.;  -1»-"1<1  t^'^  produced.  Evi- 
dently the  effi-ct  can  be  diminished  by  the  iiiM  rtion  oi     ,  liokm^,-  cod  m 
MTi.-'  witli  the  alt.  rnator  or  transformer,  provided  that  the  coil  he  desipi. 
Mxciallv  lor  tiio  pmpoM  .    From  the  point  of  view  of  the  designer,  tw 
ur  three  conduinn.  l.om  th.'  al.ov-    ar.d  oth-r  .■onMdrrat,..,. 

but  these  will  be  better  under>tood  if  we  in-t  .K  m  ril.e  ^ome  ol  the  indu,  t 

ances  in  a"tu;d  use.  ,,  , 

For  conii)araUv,K  l..w  v.ltaue  lme>.  up  to  oooo  volts,  the  hrili-ii 
We^tinghou^e  (  ompanv  m..unt  lor  outdoor  -ervice,  a  i.vturn  coil  mad. 
of  square  iron-wiiv,  as  shown  in  Fit,'.  1,411.    Th-'  nasou  tor  umuu  n.  , 

instead  ol  copper,  n.  1 
witlistanding  its  higher 
1 1 -i-t.mee    for  >te.ii! 
and  low-frecpieiicy  cm 
rents,    and    also  tin 
liii^lier    imhictance  ..i 
the   coil,    is   that  r 
liii^Ii-  li  e<iuen('y  curreiii  - 
and   currents  of  1ul;I! 
density,    the  "skin 

I  ttei  t  "  reli  rred  to  el  -, 
where  is  ;-o  ^I'e.it  t!l..,i 

its  ohmic  resistance  h. 
come-    >oinething  lik.' 
100  tiiiu>  that  of  copi)er,  and  it>  capacity  lor  di~>ipating  the  dcstrn.  - 
tivc  energy  of  a  high-frequencv  surge  becomes,  therefore,  very  gre.n 
Xormallv  the  coil  -liown  will  .arrv  a  line  current  of  50  amperes  witii- 
out  undue  n>e  ol   lemperainre.     It   is  strongly  braced  %vith  wood.ii, 
i.e.  non-metallic,  clanq-  to  r,  M-t  the  mechanical  forces  of  lie,-,vv  short 
circuit  currents,  and  lie-  mechanical  attachments  i.j  the  insulators  are 
also  rarefullv  worked  out. 

For  higher  voltage  lin.^.  \\y  to  -_',ooo  volt-^,  tlu  -  mie  manuf..cturr! - 
mount  the  cod  as  shown  in  Idg.  1,41^,  so  that  it  can  be  insert e<l  dire,  t  mt  . 
tlie  overhead  transmission  line.  In  this  case  the  cod  is  made  of  b  ,i 
copper  wire,  and  eon>i-t-  of  fifteen  turn-  wound  upon  a  mandrel  7J  mch.  - 
m  diameter.  The  coil  shown  is  designed  to  carry  line  load  cunents  wy 
to  100  amperes,  the  line  being  secured  to  the  l.nks  in  'he  end  braek.t^, 
;uid  imnpir  wires  being  tised  to  make  electrical  connection  to  the  ter- 
minals of  the  coll.  For  the  above  load  current  the  coils  are  21  inches  long. 


..kii,-  C. 


,lt  l,r,\v  fn.iueiiLy  I,! 


Ais-CORE  Chok/.w;  Coils 
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''■'f  -iniil.ir  c.il-.  jiv  m.idc  with  Ii,.i\i,v  ,,.|,j„i  ,  .  n.lu.  t.  i  ~  u]i  t..  -i/.s 
ip.ihlr  ol  cm  \  ill-  i  iiriviit-  u].  t..  duo  .unp,  r,  >.  tli,-  i.ui;,  ~l  kuK  lu^mg 
i  i  nu  ll,-.  Inn-,  liut  ]>r;Hti<all\  of  tin-  -;inif  <li;i?n.  t»  f  ,i<  tli.-  Mnalh  r  >\m'<. 

rill'  rlanipin:,'  cleats  arc  of  Ii,u,l  \v.m„1.  .md  .,  Hil.-t.nui.il  li.ii,!  w  I  -tiaiu 

,"'-X  IS  li.\v(l  aloni;  the  c.iitir  lin.  (uiin.vtnii;  tli.   t\v..  ,ii.l  luaikrt.-  to- 
t!i'  i.    riicsf  brackets  liave  fonr  spiiUr-arui  t  xt<  n-ion<  to  cany  the 
lanipin;,'  cleats  and  the  terniinaK. 

The  siH'cial  featnre  of  the  al.ove  c.iK  con-id.  red  a-  choking  cil- 
'-w  lre,iii,  nc\-  ,  ill  nit-  i-  tli.  ,d.-.  n.  .  ..|"  ,iiu  i,,-,,  ,  ,„,  .    >t„  ],  aii  iron  core 
voul.l  eiial)!,'  ilie  ii,.,->ar\-  in.hinaiKv  i..r  tile  low-lreiineiicy  circnits 
•  '  li<  olitaiiied  with  a  lower  coyiper  (or  i -i<)  lo~s  ;   hm  if  .  .  .inonncaliv 
|.-ii;ne(l  |..r  norm.d  working  the  ir.m  would  li....ni.-  -,it  iiiMt.  <!  wh.n  tl- 
;tr-c  Mni;e  curn  iit>  ju- ;  it-  )..  i  m, .d.ili;  \  would  t!i.  ii  he  nui,  h  redu.  ed 


l,4ir. -Chokies  C.)il  f.  r  Overhe.i  l  jj.o.x>.v.,lt  Liui 


uul  die  indnctance  c. >ne-p. .iidin-l\-  diniini-hrd  ju-t  wli.  n  n-  ,.t|,  ,  t 
iiiust  reqnired.  On  the  ..th.  r  h.uid.  it  an  n..ii-cored  coil  w.re  desi,i;ne,l  to 
ivoid  -atnrati.'H  nn<ler  m  t-ur.  nit  c()n(htions.  the  whole  apparatn- 
■■■  -lid  ))e  lar^e  and  heavy,  and  the  o-t  would  |.e  ].rMliihiti\ e.  With  n,, 
i.  .  core  the  inductance  i,  remains  (onstant  ami  the  uaclamv  \,,lt.ii;e, 
-1'  ,  n-e-  prupi'iiiun.illv  with  the  current. 

Another  teaturc  ni  the  design  of  these  coils  is  the  careful  liniitati-ii 
.f  the  tise  of  solid  metal,  except  the  neces^^arv  conductor,  and  its  reni„v,d 
Mom  the  neii,'hb..uih(HMl  ,,l  the  ,urrent.  The  ohjeit  i>  to  avoid  the 
!-rmation  of  .ddv  currents  in  the  ch.sed  circuits  of  ^ucli  solid  metal, 
-1  these  edd\-  currents  would  act  as  secondarv  currents  in  the 
ipi-.ratu?.  which  would  become,  in  effect,  .1  fr.iii-l.uii,,  1  with  -hort- 
ircuited  secondaries,  the  inductive  effect  of  the  secondary  currents 
•einir.  as  pointed  out  .  1-ewhere,  to  ease  the  passage  of  the  primary 
urreiits  by  diminishing  the  total  reactance  and  with  it  the  impedance 
1  the  primary  coils. 
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I'T  iini.  h  li.  avi.  r  work  niul  imit  li  liit;li.  r  voImu. 
1,  -.rriliid  .ilxive,  this  t.liiiiination  of  solid  nu'tal  is  caniod  nui.  i 
will   W  .  vid.iit  from  an  inspection  of  Fifj.  1,41.?,  whi<i. 

-hows  A  limiting'  rr.u  t,ni«  r 
this  type  a>  constrtu  ttd  i 
the    Gineral    Elrctrii    I  On 
l)any  of   Sclu'noctady.  Tin- 
rorc   is    ni.i:li'    of    roni  rct.  , 
whirh  i-,   I't    rour-r,   ,1   11, m, 
conductor,    canluUy  nii\.,i 
and  cast  in  an  iron  mould 
•  th,.    niih'    iiut.il    cinhrddi  ! 
I).  in\'  the  ci.uhl  >uiali  an.  ii  ■ 
plates    i)r    Sdcki'ts    at    i  1.  '• 
i  iul.  which  arc  to  receive  Hp 
radial  brass   bolts  neces>ar\ 
for  holdini;  lum  the  wondi  u 
clamps  which  keep  the  wiiul- 
int;s  in  th<'ir  places.   The  cnrr 
^avcd  andweiuht  n  ihicrd  witli -in 

-,w..iw..t,  u..^    ^tif£ne>s,  but  chietly  >o  that  lu 

lu'in(llin!,'''and  in'^tallation  inirpi>M-.  a  long  iron  rod  carrying  a  ring-bolt 


Choking  Coil  with  Contrsle  C'  n 


is  hollow,  partly  because  material  can  l>i 
-acrifuing  the  necessary  >trcnuth  or 


Kii.  i,(it--WiM.iiDg  a  Cmicrete-core  CjiI. 


LiMlTlKC,  RHAi-  lAXi  E 


l.?6l 


It  Mil,  Mill,  can  Iv  pasM'd  throimh  tlif  .  nrr  ti,.iii  .  nil  to  ciul  .iiui 
Mcuu'ly  tlampr.l  hetwini  ,i  m  i,  w-tlii,  ,,.1.  4  nut  .it  tli,  ,  nd  .mil  ,i 
loo>.'  washtr  and  nut  at  ih,'  .  u.l  ii,  ,iu  ,t  lli,  iin:^.  I  lir-r  ntitv  yUw^. 
l>"lt-.  (  t.  ..  ,nv  .,11  R-movv(l  '.vhfii  the  naitancr  Iia«  Ixvn  in>talK-.l  ami 
l>tli'rc  it  i> 

1  lariji'  elmkin;:  coil  cii  this  t\|i.   i-  -li..\\n 


i>f  wiiidint; 

rii.  .un- 

lull-l-t-  III 
COJ)JhT,  is 


The  pioci's: 

in    Vv^.  i.)!^. 
dui  t.'i  ,   will,  li 
If.iii  -tr.indc'd 
wuund  into  Krimvo  in  thi- 
I'lni,'  wiMidi  n  i  lainjK,  wliiili 
AW  111.1(1,    111  n>iii-iir.iti'd 
maiilc  and  arc  In  Id  in  piai  i' 
bv  the  radial  hr.i-s  I,,, it. 
mi  iui,  iih  d  aiH)\-,  .  .111,1  N\  hi,  h 
ire  I  III  liiM  il  in  nii,M  lulu  -. 
The  clain!i>  are  also  painted 
with  an  iuMil.itin.i,'  ,  ii mi,  1 
jKiint.   and    arc    M  ]i.ir,it.  ,( 
tr.iiii  tlir  iiir,-  li\-  ~tiiii-  ,'1 
])ic>>l)oar(l.      Heat   sliit  iil- 
of  asbestos  >!Kllai:f<l  int.i 
the  winding;  i;rc>i,\i>  kr.|, 
the    wiiud    truiii     ei_int.i(  i 
with  the  hot  copper.  Tin 
colls    are    n-iiall\-  wuiiiiil 
in  two  liai'k-tuni  s(.i.'lioii> 
whii  li  allow-  the  terminal- 
tu  be  brought  out  at  tin- 
ends  of  the  outside  la\tr. 

thus     lrlllii\  illl,'     thr     1,  .111- 

from  the  core  and  nii- 
proving  the  accessibility. 
The  tiid  turn-  ot  tin- 
outer  lavi  r  ,in-  ?;i\  (.-u  e.xtr.i 
s])ai  ing  for  atlditional  insulation,  and  for  reasons  explained  elsewhere. 

A  large  finished  coil  so  wound  i>  sln.wn  m  Tii,'.  i. 415,  which  luvd-  mi 
further  description.  The  ■  hmitinK  r,  a.  tanc- "  shown  is  desigm-d  to 
carry  a  (loo-aniin-n-  curre  i  on  a  25-pcriod  circuit  and  to  absorb  720  k\  \ 
The  voltage  drop  between  its  terminals  at  lull  h.ad  will  th.  n  lon-  1.,  i  .,,0 
volts,  and  the  itupedance  2  ohms  ;  the  ohnii,  n  -i-t.im  ,-,  k,  will  oiilv  be 
a  -mall  ir.i,  t;..n  ..i  tla-  ini|niLinci-.  lii,  i;ri-ati-r  part  oi  which  will  consist 
of  the  reactance,  p  i.,  111  ipiadrature  with  it.  This  coil  was  designed  to 
138 
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pr(.tc<  t  thf  l.u-l'at  si-ction*  or  un.iips  of  pcm-rators  in  one  of  tht-  lart{t  -t 
ct-ntral  statmn-  in  tlir  I  nii.  d  St  it.  -  ,in.l  tli.  t-.tal  full-ln,,a  in  tl,. 

coil  art-  only  01^  P'T  n  nt.  of  tin  lull-lo.i.l  l  apa.  itv  mI  tin-  g.wrat.M - 
prot.-ct.-d,  or  12  k\\.  for  t-vorv  lo.oi.o  Aw.  of  plant.  Flu-  t.  inixTature  ri-« 
in  tlu'  -u],|.,r  t..i  lull  ndinial  Inail  <1<h-s  not  cxd'cd  40  C. 

In  innchwon,  i-iu   1.41"  ilhi~trat.>  a  "  liniitintr  reactance"  made  In 
the  same  firm,  in  win.  li  all  mrtal  e.ve.  pt  the  .-.mdn,  t..r  i-  eliminated  l.\ 
fir>t  winding  the  ct.iU  in  (li>c  >l>ape  and  then  easting  twelve  radial  eun 
erete  blocks  to  1h)1«1  them  in  jH.sition  as  shown,  tlu-  whole  standing  upon 
high-voltaBe  insulators.  The  lay.  r~  m  ih.  eonrrete  are  not  at  right  angle> 

to  the  arms,  but  -Inpi-d  alternately  ni 
(ip]>i)-ite  din  i  tion-.  a>  to  t^ive  thf. 
ma.xiniuin  distance  allowed  by  the 
.ictual  dimensions  between  the  turns 
(it  >nm— ive  layer-  bttween  which 
the  electric  v.u.  is  a  maximum. 

(h  Condensers  -  rhe  condenser^, 
whit  h  are  tn  introdiii  (  ,  .1-  ]ir>iteeti\. 
de\  l(  I-.   the  electrical   properties  I. 
ferred  to  above  into  electrical  powe: 
circuit-  handling  large  quantities  ol 
powtr,  have  to  be  much  more  rolni-t 
in  their  powers  to  withstand  iiK'chani.  n 
stresses  due  to  electrical  action  th.m 
the  apparatus  used  in  other  appUca- 
tion-  ol  coiidi'iiscr-.    I'ortunately  tli' 
capacity  can  be  quite  low,  as  it>  valii. 
appears  in  the  denominator  of  the 
fraction  (scv  equation  (2),  page  1355  , 
expressing  the  leactance,  and  a  reduc- 
tion of  capacity  increases  the  rean- 
,ince.    On  the  other  hand,  the  capacity  cannot  be  indefinitely  diminished, 
because,  if  it  were,  the  impedance,  even  for  high  frequencies,  would 
remain  too  high  for  tin-    ilirf  required  when  the  condenser  is  in  acti'  -i 
as  a  protective  device.     In  the  calculations  embodied  in  Table  X\. 
the  capacity  assumed  for  the  condenser  is  yAnth  of  a  microfarad. 

riu  Moscuk:  C">hhii'^ii.  O'le  of  tile  mo-t  siicce->ful  condenser-  f'  ■ 
this  high-voltage  and  higli-liequem  \  work  is  the  Moscicki  condenser,  niaiiu 
factured  by  Messrs.  Isenthal  aii<l  (  "  ,  .md  the  General  Electric  Coinpaiiv. 
ot  London.  .\  -ection  of  a  -ingle  condenser  is  given  in  Fig.  1,417.  The 
di.  lcctric  is  irla-s  of  a  specially  selected  kind,  having;  a  hiiih  breakdown 
coetticient.  The  condeii-er  i<  in  the  fivrm  ot  a  thin  yl.i—  tube  1/  a  a.  i  Io-mI 
at  the  lower  enil  and  constticted  to  a  lung  neck  ol  thicker  glass  at  tin- 
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Fig.  1,416  — Choking  C  oiU  lml«iMed  in 


upjvr  .-nds.  The  rondurtor  plate.  ,if  the  ,  ,,,1,1.  ii„  i  ,,i.  t,.iin,  ,1  l,v  .,,.,tmt; 
th,.  .11.1,1  .md  ,,nt..r  miiI.,.  ,  .  .,i  the  i;!,,^,  with  .  h.  iui,  allv  ,l.|.,.Mted  Mlver 
"  ill.  h  1^  (p.ite  Ir.v  in.m  an  bubbles,  and  altenvards  plat.  d  with  .  upper 
(  Mill..  t.,.ii  i>  made  to  the  inner  coatinR  bv  a  tnetal  r,.<l  .  xpaii-l,  ,1  at  tt^ 
lower  end  int..  a  f iKht-lltti.ii;  ,  \lin.l,  r  an,'  h,  Id  imnlv  n.  it-  j,!.,,  ,  j  h- 
thickened  1,-la.s  at  tli..  n..k  t.,  ...able  the  di,.l.rtr..-  the.,  t,.  w.th- 
-f.in.l  th.>  .ncreas.  .!  .  1. ,  tn.static  >tre>s  which  develoj)^  at  the  ed^-,-* 
«.f  opposed  charged  cor.  luctors.  according  t,.  th,  .1, ,  tr.-tatic  law,  ex- 
plained elsewhere.  As  a  further  pn  .  a..ti,.ii.  tii.>  m,  k 
of  til,'  tub,'  inMrt--,l  in  a  Milwt.uitial  po,,,.lain  in- 
M.l.t,u  ,,.iTiif(ated  on  the  i.utM.le.  an.l  the  space 
b.tw.e.i  the  neck  and  the  porcelain  is  filled  witli  a 
solid  insulating,'  .  ..mpo.m.l  .n  mi,  h  a  wav  that  \hv  .  iX^v 
of  the  conductor  la\,  r  l^  coinpletelv  buried  i.i  the  nia's 
..f  the  compound,  so  that  no  surface  discharge  can  take 
place. 

The  condenser  so  formed  i^  m,,iiiit<.l  m  .m 
i.'in  till),'  i;,  th.'  l,,w.r  end  .,f  th,-  L;la>,  tub,- 
sui>i),.rted  elastically  by  means  of  a  lubber  sleeve, 
IS  coated  with  conducting  graphite  paint.  The 
between  the  ..Mi.l.n^.r  an.l  tlw  .u.t.r  tui>e  ii  is 
with  a  mixtiii,-  ,,l  j^lx ,  .  rin,-  and  water,  which  has 
fi.tv.i.if;  point  and  wl.os.'  function  is  to  distribute  by 
convection  any  local  heating  throughout  the  mass  of 
the  liquid. 

A  -inKle  cmkIcim  t  < , .ii>tnict.'.l.  having  an  overall 
diameter  of  «  cms.  and  overall  height  of  145  cms.,  has 
a  capacity  rather  under  0  005  microfarad,  and  will  with 
stand  a  peak  jiressure  of  io,,,,),)  vult>.  A  -ize  more 
coiiNonie.it  lor  many  purposes  has  an  overall  diameter 
of  5  cms.  and  a  height  of  61  cms.,  the  rapacitv  being 
approximately  0  0015  microfarad 

For  practical  use  the  cui.dens,r>  aiv  asseinbl.d  in 
batteri.  s,  as  sh.iwn  in  Fig.  1,418,  in  which  there  are  twelve  of  th,-  smaller 
condensers  m  parallel.  The  capacitv  would  ther,!,.,,-  1„.  ,|„„„  „„, 
microfarad.  One  advantage  of  the  narrow  lateral  di.n.ns.on,  th.t 
the  parallel.ng  conne.  tors  at  the  top  are  quite  short  and  practicallv 
devo..i  ol  inductance. 

Spark-gaps.— The  earliest  effi-ctive  device  .■mplo\ed  1,\-  tel.L'.anh 
engineers  to  pn.frt  tli.i,-  apparatn,   f„„i,    li.htniiii;  ,lw,  hai^-.s  caused 


'Utf. 

i>eing 
which 
space 
filled 
a  low 


1.417. —S«(iim 
uf  a  MoKcicki  Con- 
denser. 


bv  their  overhead  l......  1 


! 


,      f  ,       ,  "^"-m  k."  ^vas  a  -park-gap,  and  the  par- 

Kular  fonns  of  such  gaps  as  used  in  those  earlv  days  are  described  m 
the  proper  section. 
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Wiliirr  of  tlh-  LvihtniHi:  Discharge  -Hut  first  it  >h.nild  W  .Apl  iin.  1 
H„l  i„,,in  \u~  tlu'  k.v  tn  all  tl..-  ^|M.k        -alVtv  dt-vios  ad.-i.t..! 
that  th.  l^litiiniK  .li^haw  .i.iiM^t-  of  an  alt.ri.atinR  clcctrii-  nirr.nt 
hifih  v<.ltai;p  and  hich  frrqufmy.     Th.-iTI  iuli  fr.Mimncv.  whu  1.  inav  Im 

niillions  nf  ptiinds  \»r  mcuihI. 
inrans.  a*  cxplaim-d  above,  that 

I  111-  j)i;f>,  ,/./"!  I-  lit  <  '  ll'>  ni.i 
iK  tic  appaiatu^  and  niai  luiii  i ', 
rneaMired  bv  ^  k-  />- i  -.  verv 
i^K  It .  .md  that  if  an  alti  i  iiatix . 
p.illi  t'l  r.ntli  ai'i-ii-^s  a  ^i>aik-'-;.i;' 
a-  -li.'Wii  111  i'l^;.  I.t''»  1"" 
\  1,1.  il,  th<  high  voltage  will  ni.,1. 
c  .i  ilv  break  down  the  dielertn> 
-111  "I  till-  air  than  fiT,  ■ 

I  uiii'iil  thii'U«h  the  1  c'nd\i<  nil, 
l)ath  of  the  electro-nu»f,'neti. 
apiiaiatus. 

Il<u-}'.  -  Ivpc    Arratrrs.  — Tla- 
,  .  Mr-i(l>  ration  !■  ,id-  t..  llir  \.  iv 
wide  use   uf    the    horn   lypi   '  i 
ii(,'htninpr  arrester,  the  prineii'lr 
111   which    i-    indicati  <l   in  V 
I,4I().     Hums  II  H,  made  ol  :;.ii 
vanised  iron  or  copper  |  imh 
f(i         inch    in    diameter,  arc 
mounted  on  suitable  insulati'i- 
accorchuK  to  tlic  vohage  ni  tli' 
line  to   be  protected;  one  ni 
them  is  joined  at  L  tn  the  line, 
and  the  otlicr  at  i:      cirth.  At 
some  part  of  the  hne  thv  circuit 
runs  through  a  machine  or  piece 
of  apparatus  M  which  is  essen- 
tially  electro-magnetic,  and  in 
which  either  the  circuit  is  directlv 
earthed  or  at  some  weak  point 


I  r. 


r,..lt.ry 


I  the  iuMilation  might  Ix^  broken  down  by  the  lightning  discharge  much 
more  easilv  than  at  the  air  gap  T1h=  ilectro-magnet  m.  or  th. 
inductance  of  the  circuit  betw.cn  r.  an<l  the  weak  i>oint  I.  otters  so  gre.ii 
an  impedance  Xo  the  high-ire<iuency  lightning  current  that  the  mMilntt.m 
breaks  down  at  o,  and  a  spark  passes  there  before  the  voltage  can  ii- 
to  a  dangerous  value  at  i.    By  the  passage  of  the  spark  at  g  the  ekctn. 
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stresses  are  relieved,  and  as  the  lichtniiiR  diM  hari;.  i-  ,,|  v,  v  ^h.  ii 
diiLiiioti,  ,  \t,  ii.liii-  nvvi  Miilv  .1  -.ni.dl  traction  of  ;i  second,  the  discliarije 

•  it  i;  rrni(.\i  s  thi-  iiiiiiii  diate  danger. 

11m  til.'  tli.  nrv  of  all  spark-gap  hiihtnini;  di-eharyer^  apph.  d 

'  '  invkindnf  clectrii-  ritvMIt  Wlirtc,  lidWiMi,  til.  hill  ,it  I  il  l-.  I, (Hi) 
I-  p.ut  of  a  svstcni  in  whn  h  tli.  iv  .in-  lii?;li-p.)\v<  r  ii.  i,.t.>i-.  thr  pa^-aj^'e  nt 
a  spark  .it  i.  iii.iv  l-iii.t;  -rrlMii.  , , ,ii-.,  <nicnees  in  it-^ti.iiii  hs  \\\,-  st,irtingoJ\ni 

•  lectric  iirc,  which  may  l.e  eotitimiL-d  because  ..f  tin  hv^h  vc.lt.it;.        t|,c  Im,- 

and  the  power  of  the  generators,  an<!  which  niav  .  an-c  Ih  .ivv  ,  uiii  tu-  t.. 
p  i~-  .it  (.  with  -ri  iciw  ( i.ii-r.|ii.  ii.  ('^  in  .ill  ]i.irt-  d  tin-  -\  ~t(  m.  Thi^  dan.^rr 
1-.  a-.  Mil  ntioiicd  at  pa,t;f  1J54,  usually  not  proeiit  in  Mgnalliii);  circuits. 

rill  chief  safeKuartl  aijainst  the  danper  is  the  form  ot  the  sp.,rk-i;ap 
adopteil.     Will  11  .1  li..ii/,,nt,il 

arc  is  fi.rm.d  in  ,111  it  1-  ' 
I  urv  r.l  ii|)\vards  {Iicncr  tlir 
name  "  arc  "),  as  in  Tik. 
212,  Vol.  f.  With  the  dec- 
tindr^  r-liii\vii  in  r.iiM  tin 
arc  forms  fii.,t  at  tin-  nar- 
K'wt  -t  part  of  the  pap,  but 
both  by  electro  -  matinetii 
acticm  and  by  tlie  nicivi  inmt 
"I  tlir  Ik  ated  and  ii.ni-rd  air 
It  is  ilri\en  upwards,  and  the 
spark  ]vith  becomes  lun.trer 
and  li)n;,'rr.  npfil  it  Iv.coiiifs 
so  lung  tliat  the  voltajie  avail- 
able—namely, that  of  the 
ci'---iiit    ,,iim..f   ni:,inlaiii  tlii> 


1  i.-    ..4,  . 
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arc  and  it  1.  ruptured,  and  the  danger  referred  to  above  passes  away. 

Ihr  1.  iiK'li  nl  the  gap  at  G  must,  of  course,  be  sufficient  to  pr.  vent 
the  ordmary  voltage  of  the  line  f„rming  an  .m-  theiv,  though  as  a  ^afetv 
gap  It  IS  desirable  to  make  it  as  short  a.  pu.Ml.l..  These  conditions  are 
antagonistic.  Nuw  the  "sparking  voltages  at  different  distanct-;"  in  air 
have  been  given  at  page  130,  Vol.  I.,  .md  -mne  uf  tl,r  f.i,t<.;,  all.  .  ting 
the  discharge  have  been  discussed  there  and  111. .le  tnllv  111  Cli  ipt.  r  W  III^ 
Vol.  I.     Keteren.-.-  .|„.,i|,l  |„.  „,.ale  to  these  ligure-,  and  <hM  U»i,,n,, 

In  ai)pl\ing  the  results  to  the  present  case,  two  rwints  must  be  kept 
in  view.  The  chief  point  is  that  in  alternate-current  tiansmis^i,,,,  lines 
It  IS  til.-  "cre'.t"  vain.-  nf  the  voltage,  and  n..t  tl„  k.m  v.iliu  which 
d.7ternui„>  the  pa--ag,-  ,,t  the  spark.  Further,  it  -li..ul,l  ii,,t  I..-  over- 
l.K>k.<l  tli.it  at  a  parti,  nil.  p,,int  .,f  such  a  circuit  the  voltay,-  mav  on 
account  of  r.  ^onancc,  rise  to  a  higher  value  than  the  generator  voltage 
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Blo..  .,.ul  Cods,  wlu  n  ...    ,~  .  v.^tn.iUv  niptun-l  mt,.,,,. 

miM-l,i.-f  m.v  r.M,lt  if  th.-  niptur.  \u-  .Ul.iv,.l  tu.,  1.,,,^:.  .n..l  tlu..  . 

,1.  t,      1  ..1  111.    n.    il.Mit;  th.-  horn>.  thf  U.'Vic-  't  l.Unv-.mt, 
cu.l     ...1.1.  . I  t,.  M„n.  I....n  txp.  arr.  M.  rs.   Th.-s.-  Wow-ovu  ■  ...!s  have  h.-,  n 
r.-ferr<"<l  t..  M  Vt-ral  tim.s  alr.  a-lv  *    In  tl..'  .  ..m-  n.,w  un.l.  r  .  u.iM.l.  i.,t„..: 
tl,.        mav       -h..wn  in  FiK^.  i.4-"      i.-t-J-i.  I"'  ^-'"^ 
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Dill«rtni  M«ihoJ.  of  lairoducing  »  Blow-out  Coil  mio  ibe  Circuit. 

m.lin  current  (FiK.  i.4Ji>i.  "r  as  ..  liif,'li-n -i>tance  >hunt  to  larth  il'i^ 
i.4Ji^,  or  a    carrying  the  spark-gap  ciiiicnt  (Fig.  i,4--)-  fl'^"*' 
..bvions  advantaRcs  and  disadvantages  in  each  method,  and,  also  obvi.ni-h 
til.'  wi.tkii'i,'  vnlt.is^f  .if  thi'  linuit  mu-t  bf  takt'U  into  accMuit     It  wii: 
1).  .■..nv.  niciU  to  di-.il  witli  tlu-  Lnv-vultaf:.-  and  the  high-voltage  .ipparat.w 
si'parati'ly. 

Lo..^-voltii!^r  Circuits.    Tli,    design  .if  spark-gap-  and  tlmr  auxili,ii\ 

devices  for 
the  conip.iM 
tively  l.iw 
voltage  but 
exjx>sed  in 
ciiits  of  t! 
trolley 

of  tractiii;i 
systems  li.i- 
bi.il  til'  -ii!' 
ject  of  ear.  Uil 
consideration. 
Fig-      1.4-  ; 

....V.  ..T-,   uniewhat  diagrammaticaliv  in  front  and  r.ide  vieu^ 

horn  lightning  arrester  designed  '-■v  the  (ieneral  Electric  Company  ol 
Lin.I.m  for  luo-v.ilt  c.c.  cir.uit-.  In  -eries  wth  the  main  gap  \ 
tlK-re  is  a  see.  nd  gap  b,  whicli  is  siiuiited  b>  a  I'dirly  low  iiu..  ohni-i 
resistance  R.  A  lightning  discharge  across  the  gap  A,  or  if  hea\-y  enoiii^h, 

•  Sit  Vol.  1.,  pages  256,  270  and  elsewhere ;  also  «  .-  j. 


i"rri-it  at''!  - 

.ina  1.4^4  >ho\v 


•  V'irvi  •  nf  I  u 


He 
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hi;.  i.«J!.-Spark         .\|ip.iratu-  1  r  I,    >  voll..f  <  ir  mm - 


aero**  huili  K  iV-  \  .Ml. I  1:  III  M  ti.  V  uill  -t.iil  .n.  u.  MMini.mu.l  ]<s  .,  .,.1.- 

"""""^  "'  '  'I"  '"  'I"-  III'   \  i;v.ii  whiNi  .,  I.^'htmii^- 

ills,  |ur«,'  l>utli  K.iiw  I,  t.ikinii;  (.l.i.v.    h.  ,v  will  l„  ,  nn.  nt  tlii-iiji 

thf  ri-sistamv  r.    Th.-  l.)..w-.)iit  .01!  i,  w  ■•.mn.o,,!  i,,  t.ipi.mt;,  iiuin  ih, 
'  and  alxMit  li.ili  u,,v  tl.r  r.MMiin.v  k.  ,m.|  s„rt,.  imt 

.  i.  rvnt  to  M  t  u|>  th.  I.  (Hill,  .!  hlnw-..nt  ma^iu  ti.  ilux.  win.  h  is  mn.-.  n- 
trattd  on  tlu         l.v  thr  i>.>lar  .  xt.  iisions  k  and  1  in  th.'  jiLit-  />  /.,    Ih.  r.' 
is  thn-i  no  indiK  tivo  n  -i^t- 
anrc  in  sfrios  with  tli.'  ^ajw 
wliu  h  u.iiil.j  introduii'  iin- 
pKlaiKf   into  tlio  circuit 
of  till-  oscillating  liKhtnint; 
'li-i  ii.iri,'.-.    Th.'  ,h  tu.il 
I  .ii.iiiH  i>  •.|ii>wM  in  I'lu. 
i.-}.'5.  which  i>  npioihictd 
troni   a   plioto^raph,  and 
should  be  compared  with 
I' it;-.  1.4-'.;  .111(1  i.4_'4. 

In  the  above  tin  device 
of  placinK  two  horn-i,Mps  in  series  is  inf rodu.-..l  l,.r  the  purpo-r  of 
obtaiiniiK  ex.  it.iti.,,,  I.. I  III,  i„,l„.  tnv  ,  ,„|  ,,i  ||„  i,|-w  ,„it  nvii,'n<-t  witli,.ut 
intn.duciiiK  th,'  inip,  ,laiu  ,  .,1  tlii>  .  mt..  the  diM  harRe  circuit.  It 
IS.  h,.wever,  sometimes  Uxcl  as  shown  in  Fit;.  i.4Jh  t,.  fiive  a  Kraih^l 
prot.rti.tn  as  b.  tween  Ii.avv  an.l  I,  ~~  ^,  ,1..,,-  .li-iml,.,n. .  -  11m  li..,,,- 
are  of  heavy  brass,  and  .,ne  oi  th.'  tjai,-.  v.  ,,  ~!nn.t..l  with  a  nun- 
inductive  resistance,  k.    A  moderate  disturbance,  such  as  a  st.iti,-  .  hart;.- 

"II  th.'  liii.-  iliii-  til  .1!- 
iii'i-pherii-  ,111s.  s.  will 
1,'iv.'  ri-e  t.i  a  dis,  harj^e 
aciiiss  tile  first  ^'a],  a. 
.111,1  the  I  haiK''  will  jiass 
t. ■  '  nth  t hi. -iil;!!  t h,-  i.-- 
sist.iii,,.  K.  Ill  a  more 
seri.nis  distuihance,  fhle 
t>i  siiilili.|i  -111^,.  1,1-  a 
li;^liti!iiiL;  siK.k,.,  ill,, 
s.  I  iiikI  one  h  offerint; 
K.     The  lower  parts  of 


1,426. -DooUe  Sparii-gaps  giving  c,nidr,{  J'rot«ction 


charge  on  th.'  line  v.  ill  j,|,i,p  i,,,,],  ,i„ 
an  easier   path   than   its   parallel  resistance 

th.'  h..rns  in  Fig.  i,4j(,  are  fitted  with  zinc  r..ll.'is,  which  .an  be 
revolv.'d  alt,  !-  ,1    .hschai-,    1,,,-  Inini^ini;    ,  i.-.m    nu  tallic  Mir- 

laces  iaciiiK  •  nc  another  i,,,.K  t-.r  the  next  .iiscli,irKe<.  Hie  air-{{aps 
It.  idjustaM, .  and  the  particular  device,  designed  bv  the  General 
Llectru  Company  of  London,  is  intended  to  be  used  „n  circuits  up  to 
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3,noo  volt^*.  For  higher  voltages  tvv.- 
or  inoir  s«  ts,  placed  in  series,  shoulii 
he  u>ed. 

Mllltiph'  Spark-i^iip'-.— To  spocrl  u; 
tlic  action  of  the  spark-sap  anvstir  tlx 
Crt'iural  KU'Ctric  Conip.inv  uf  Sfhcntr- 
tadv  placi-s  tlinc  i^.ip-  in  parallel  .1- 
shown  in  Fig.  1,4.7.  t^'"' 
tn'inK  sphcrt'-fraps  and  tho  topmijst 
li(ini-i;ai).    Tii<'  lowor  pair  of  -pluTf-  1- 
tlu'  main  s^'P  taking  tlio  h.  avir-t  ili-- 
chafRos,  and   th.'   upp^r   pair  is  ai 
auxiliary  Rap,  to  which  the  horns  act  a- 
a  magnetic  blow-out  and  as  nn  auxiliarv 
gap  for  low-fn  cpuncy  (li>tnrhanct  ~. 

The  properties  of  the  spark  di-^- 
charge  have  been  very  fully  dealt  with 
,     ,     ,,  ,   ,       ,       f     in  Vol  I.  (s(V  pai.;i  -  '145  and  (i^S),  ami 
I  i;,.>,u  ^.  It  ( iituus  jj^  must  not  be  ox  i  rlookcd  that  tin 

discharge  will  jva^s  at  a  lower  voltage  if  the  atmospluri.-  prt-^ure  1). 
redui-eci.  In  i:.ip  di-clKn-rr-  u«d  in  mountainous  districts  at  higii 
altitudes  the  horn-  nui>t,  tlu  ivlore.  be  >et  tarther  apart. 

Hi!;li-vnlfci(;c  Circuits  — T]w  high  voltages  now  used  on  transmission 


luie-  ran,  howrver.  maintain  a  much  longer 
are  when  it  ha-  been  >tarted.  than  can  be 
ruptured  by  the  horn-gap  shown  in  Tig. 
I,4iq.  An  instance  is  given  in  the  ^0,000- 
volt  arc  illustrated  in  l"ig.  2i\.  Vol.  I. 
Additi.aia!  divio  -  are  tluiefoie  ni(t~-ar\ 
with  the  lioru-gap  arrester  if  it  is  to  be 
eftectivc  as  a  safety  de\ice.  These  devices 
•.hi.uld  not  interfere  with  the  lightninu 
di-eharge,  but  -liould  tend  to  wipe  out 
the  subsequent  arc  resulting  from  the 
iin<  \oltage.  The  most  ob\ious  deMn 
i-  to  interpoM-  a  >ut'!iei»'iitlv  high  non- 
iii(hu  ti\e  re-i-taiiet  ,  .1-  ~liown  in  I'lu. 
I,4jS,  between  the  earthed  horn  of  the 
gap  and  the  actual  earth,  '^uch  a  re»i>t- 
ance  \\ill  ofter  practie.ilK-  11. >  (ib-liu.tioii 
to  the  very  high  voltage  of  the  lightning 
discharge,  but  will  cut  down  the  current, 
which  can  l>e  lorced  tiirough  even  by  the 


/ 
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Iiigh  voltage  of  modern  circuits.    There  will  thus  he  a  \  <t\-  much  lower 

\(iltagf  ;i\ailal)li'  fi>r  an  arc  ;i(  rci^-  tlir  i.M]i. 

The  kind  and  amount  ii(  rr-i^tance  to  ln'  n^cd  ha>  luin  tin-  ^uljjict 
u{  controvt Tsy.  The  kinds  iim d  in  actual  ])r  k  tire  are  (i.)  <>il-ccM>led  metal 
resistances,  (ii.)  resistance  of  carbon  or  carborundum  jiowder.  (iii.^  Ii<]uid 
resistances,  and  (iv.)  electrolytic-cell  resistances.  Tlic  anidiint  ut  n<  (  .■>-., irv 
rt'sistance  lias  been  found  by  e.xperience  to  be  .oKJUt  i  olim  I.t  , m  i  v  10  vohs 
of  line  pressure  for  overhead  lines,  and  aliout  lixc  to  1,11  timt!>  tiiis  for 
cable  systems. 

With  regard  to  thc-c 
kimls  of  resistance,  an 
oil-cooled  metal  resist- 
ance is  expensive,  and 
m.iy  l)ecome  trouble- 
some if  the  oil  Ljets 
overheated.  The  carbon 
or  carborundum-powder 
re>istance  is  satisfac- 
tory and  is  witlely  used, 
A  common  form  of  it. 
known  from  the  namt' 
of  its  inventor  as  the 
Piiazil  resistance,  i> 
shown,  as  manufactured 
by  the  Morgan  Crucible 
toin]>any  of  H.ittersea, 
in  I'ii;.  1,420.  The  re- 
si-t.mce  material,  shown 
by  the  zigzag  line,  i- 
contained  in  a  snitaiiK 
sliaped  groo\-e  in  a  Iiori- 
zont.il    hre-clay  slab. 

The    groove    is    filled  with    a    special  carbon 
with   ,1    slab    of   firijiroof  material.     If  oni' 


—  special  Ut-i-tan-.  "^lal.  , 


|)o\v(hi  and  i  o\-ered 
lab  does  not  contain 
sufficient  resistance,  slabs  can  be  piled  on  top  of  one  another  as 
indicated  and  as  in  Fig.  1,428,  which  shows  a  -ntli(  ieiit  number 
of  sl.ihs  for  a  u.ooo-volt  eitcnit.  ,\s  the  -lab>  .iie  liiei>roof  and 
made  of  insulating  inati'riaK,  no  special  precautions  are  neces>arj'. 
The  electrotles  are  carbon  blocks  into  which  connecting  rodv  or  wires 
are  fixed. 

The  third  kind  of  series  resistance  mentioned  above  is  a  liquid 
resistance.  Solutions  of  caustic  soda  or  of  carbonate  of  soda  are  often 
Used,  but  such  apparatus  requires  continual  attention,  in  the  al>sence  of 
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which  it  may  i-asily  bt'cotnc  datiRerous  instead  of  beinf?  a  safeguard.  VV 
thtit  fiiri'  ill)  nut  ilr'^cril)!'  tlu  in  in  ilrt.iil. 

Tlif  last  kinrl  of   roi^t.mcc  nii'ntiuiu-il,  tlic  thilidvtii nil  rr>ist.m. 
is  widely  used  and  is  wry  interesting.     Its  earliist  ami  nmst  u^n.d  (m: 
i>  knowii  as  the  aluminium  lightning  arrester,  for  it  has  been  used  directh 
as  an  arre>ter.    For  sueh  work,  however,  it  has  certain  inherent  defect- 
and  it  is  now  mostly  coupled  up  in  series  with  a  spark-Kaji  or  ^'ap-,  .mil.  ,. 
shown  elsewhere  (see  page  i  JJJI,  it  is  u^ed  on  circuits  of  the  highest  volta-, 

As  its  action,  however,  is  not  that  of 
simple  resi>tani-e  it  will  be  convenient  t" 
describe  it  separately. 

Other  Apparatus.— The  simple  aj, 
paratus  summarised  on  page  1355 
now  been  described,  but  there  remain- 
additional  apparatus        a    nmrr  k:;: 
plicated  character,  often  consisting  .  : 
combinations  of  two  or  more  of  tin 
simple  t  \  prs  with  resistance  added,  and  t- 
h  we  nui\-  now  refer. 
-  '•<•  Elcilrvlylic  Kcsistanee  or  Arrcstt-,- 
■hich  allusion  has  just  been  nia  l 
.-e  is  one  of  these,  and  an  example  .  : 
I,     ahiminunn  t\pe,  a>  eunstructtil  !■ 
the  British  Thomson-Houston  Comp,in\ 
is  depicted  in  Fig.  i.4.]o.     The  arti.  ii 
depends  uiioii  the  eleetrohtie  turm.it; 
of  a  film  of  ahmiiniuni  ludroxiile  1.11  ; 
anode  side  of  aluminitim  plates,  inmi.  t-^ 
in  an  alkaliiu'  electrolyte.  The  film,  tluauii 
very  thin,  has  a  very  high  resistam . 
Fi^.  1,430,— Aluminiiim-cell  Rltrtrolytit:        but  when  subjected  to  a  voltage  ot  ; 

volts  A.c.  or  420  (the  equivalent  volta^i 
C.C.,  it  is  punctured  with  a  number  of  minute  holes,  and  its  resistan. . 
practically  ili-,i|ii)e.u-. 

The  cell  in  Fig.  1.4.J0,  which  is  designed  lor  use  on  J5,ooo-volt  .\. 
circuits,  is  constructed  of  a  number  of  aluminium  cups  or  cones  of  the  shape 
-liMwn  in  section  in  the  iipj/er  ami  in  full  in  the  lower  ]i.irt  of  the  figure. 
The  CMiie-  .ire  inx  erteil  and  stacked  uiie  du  amither  with  suitable  distanc  - 
pieces  and  with  sulVicient  electrolyte  between  to  fill  the  central  space  1- 
shown.  They  are  then  immersed  in  the  oil  tank,  special  precautions  beiiu 
taken  to  prevent  the  oil  displacing  the  electrolyte.  Connection  is  ma.l 
through  an  culinary  high  insulation  bush  between  the  top  eone  and  il^ 
hue,  whilst  i.ie  bottom  cone  rests  on  the  outer  casing  of  the  tank,  wlii'  i 
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may  or  may  not  be  earthed,  but  is  not  spivially  insulated.  The  oil  prevents 
the  evaporation  of  tlu-  .Ir.  trolvt,  .ind  improves  the  insulation.  The  film 
"t  aluiuiniiiin  ludiuxiilr  i<  tiimud  si'.u. 

<  )rinin.iliy  tli.-  cell  was  coiniri  tid  direetly  to  line  as  a  lightning  arrester, 
it  being  assumed  that  the  films  would  always  act  as  insulators,  and  the 
devic-  would  act  as 
,1  muHi-iiiip  disclunx'-r. 
Ditticulties,  however, 
arose,  due  mainly  to 
the  slow  disintegration 
and  dissolution  of  tiif 
film,  as  well  as  to  its 
breaking  down  at  a 
certain  voltage,  and 
1  (fore,  in  ])n--rnt 
practice,  a  spark-gap, 
usually  of  the  horn 
tvpc.  i--  inter]!'  -i  ,1  hr- 
tween  the  liih  ,m<l  ihr 
cell.  To  fi^rni  i.i  to 
renew  tin-  lilni  tlu-^ 
sp.irk-gap  i-  i)n(lge(l, 
lint  with  a  cliari,'ing 
resistance  interposed 
to  diminish  the  cur- 
rrnt,  as,  with  the  liliii 
broken  dnwn.  thr  rc- 
sistancf  is  vrr\'  low. 

Pour  ot  these  Cells 
arr.inf,'iil  to  pr.itirt  a 
threi-phase  15,000-vult 
circuit  are  shown  in 
Fig.  1.431.  The  cells 
stand  ii])on  an  insu- 
lated platform,  and 
their  outer  cases  are 
connected  by  tlv  horizontal  r.nl  in  thr  front.  Three  of  the  cells  are 
placed,  one  in  .  li  of  the  line  circuits,  so  that  this  connecting  rod  is  an 
insulated  star  n.  uiral  point  w-ith  the  arresters  forming  the  three  arms  of 
the  star.  The  fourth  cell  is  interposed  b.  tween  the  neutral  mil  ,nid  the 
earth,  and  is  therefore  in  series  with  the  tlire.  others.  The  device 
can  obvion-lv  onlv  be  used  wlx  11  the  neutral  of  th.-  main  system  (if  it 
he  star  connected)  is  insulated.    The  top  connections  allow  for  inter- 
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changini,'  the  earth  cell  with  one  of  the  line  cells,  so  that  the  earth  ci ; 
can  bi'  n  adily  connected  to  line  for  the  reformation  of  the  film  of  oxir. 
when  tliis  bi-comes  necessary. 

Such  a  cell  as  that  described  has  a  lari;.  ri-^t  rvf  of  capacity  for  ext« ; 
tional  conditinii",  and  a  lar^ri'  lu  at  rapacity  for  absurbint;  the  energy  of  tl. 
disrharfic  bnt  it  cannot  ]Mottrt  acainst  biijh- frequency  stirpes  unlc'^s  t!; 
hiRli  frcqucmy  M.ltayc  is  >ntfi.i<  nt  to  jnnip  the  horn-ga]v 

Aluniiniiini  electrolytic  arrcster>  of  different  design  can  also  be  u-. 
advantageously   on   low-voltage  CC.   circuits   to    protect    motors  nr. 
g(  ncrators  bv  condc  n-er  ac  tion  .igain>t  higli-fiequency  liglitning  di.-cliaic 
and  by  breaking  down  of  resistance  against  c.c.  surges  diU'  to  siuM 
overloads  and  excess  voltages  due  to  various  causes.    Tlu  ir  use.  l\o\vr\ 
for  these  ptuposes  is  not.  as  \  et .  very  extensive,  though  it  may  well  develoi 
riie  ()\iil,  -fil)n  Li-h!nnf/ Arrester.-' \\  will  be  gathered  from  the  abov , 
that  one  of  ilic  (IraulMik--  of  tin  .ihiniinium  "-lectrolytic  arre-ter  i-  i: 
necessity  for  periodical  charging  if  the  high-iesistance  lilm  of  aluminuii 
hvdroxide  is  to  maintain  its  efficiency.    The  film  formed  during  the  char, 
iiiL;  process  is  gi'-ulually  dissohid  liy  the  chemical  action  of  th-  alk.il;; 
ehrtrolyte,  and  in  practice   is  usually  renewed  once  a  day.    The  pior, 
of  renewal  is  not  a  difficult  one,  but  its  daily  rept^tition  is  irksouK  fioii. 
the  jioint  of  view  of  maintenanci .    .\tt(  ntion  has  therefore  been  direct,  r 
to  the  probU  ni  of  fmding  oiln  r  niateiials  whos.'  chemical  and  phvsb , 
properties  would  K  iulei  daily  charging  unneces-ary. 

The  probh  ui  has  been  solved  in  the  research  ialioratorus  of  the  (jenn. 
Electric  Conqiany  of  Schenectady,  by  the  use  of  the  oxides  of  lead  whi. 
play  so  important  a  part  in  the  lead  s.  condary  <  ell  (■^iv  pages  105  ;  ct  s. . 
the  results  being  published  in  the  Gcucrnl  Electric  Kcvica  in  Septeiiih.  i , 
191.S.    Of  the  o.vides  of  lead  the  peroxide,  PbO.,,  is,  in  the  dry  state, 
conductor  of  e  lectricity,  its  specific  n  sistancc  being  alx)Ut  2-5  oh-^s  but 
depending  on  the  degree  of  compression. 

The  specific  resistances  of  the  In-t  known  o\i.i.  -  of  1>  ad  are  givei.  w 
Table  XXI.,  '.n  which  it  wdl  be  noticed  that  if.  <  lu  imin^  from  the  higli.  -i 

TAliLE  XXI.— Sl'Ecr  iC  KBSISTANCKs  OV  LE\I'  OMI'E. 


Ovi  it:  .if  Lead. 


Clit-mi"  .il  Syir.l.ol. 


spctitit  Reiiilanc*^ 
(.  Wf.  measure^. 


Kcil  li-.iil  imiiiiiifi) 
Sesi|uii)xkl<.'... 

Miinoxide  (masa'tOt  or  iilhari;/) 


Pl.(  I  . 

I'!.  (  ), 
I'!.  I  I, 

riiu 


2  5  iiliin- 
(10  uR'g'jlini- 
Still  hv^Wr 
I'MClicilU  iminiu 


oxid.'  iVUy.   to  retl  Ir.id,  Th.,!),.  a  elianue  wlin  h  t.iki --  pliCe  S|)ontaneOn-i\ 

it  the  oxide  be  heated  to  alxmt  130   C,  the  specific  resistance  iiicrc.i- - 
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ilxmt  J4  iiullinii  All  thr  ..xi.lcs  ar.<  s<ilids.  and  can.  it  r.-qnimi.  bo 

pri-paifd  as  powders  at  iirdin.iry  tempiT.iiuns. 

To  ntilise  these  projK>rties  of  th.-  oxidi>.){  U.id  for  tlir  pmp..^,  jji  vi.  w. 
the  Oni,  r.il  Kl.  rtri,;  (-..mpaiiv  .  nd. iimlrr  slif^lit  <i .iiiih r-^iMn,  ,i  l.iwi. 

ilwiit  ii.ilf  an  m.  li  lliu  k,  ot  th.-  .l.y  peroxide  between  two  el.  etnKles  of 
^lier,i.l;~ed  iron  about  7  inches  in  diameter,  separated  bv  an  insulatini,' 
iinK  of  porcelain.  The  cells  ,ire  liennrtir.ilK-  >, .  1, ,[  i,>  ,i„,  „„.,,, 1  ,,,  ,1,'^. 
.  lectrodcs  being  spun  over  the  pi.nvlaiii  p.^r.iiint;  rui^-.  Wh.  n  fully 
tnnnr,l  ,a.ii  c,  11  will  hold  bark  a  vnjtai;.-  nf  aiiuut  250  to  300  V(.lts.  allow- 
uif,'  only  a  >niall  leakaj^e  current  of  a  few  niilli.mijHTes  to  pax.  If.  Ii.,w- 
.  ver,  an  over-voltage  be  ajiplied,  the  insnlatint;  film  of  lead  oxi.le  is  pnne- 
Uired  and  a  di-eliarKe  eiinvut  ll..\\>  ti, ,  K-  t|,i.,ii-li  ihr  |>.  r..Mde,  but  in 
liowins  convert,  tlir  j,  ,.1  peroxide  111  it^  patii,  e^peciallv  at  th-  puncture, 
into  thr  luwn  .,11.1  n. in-conducting  oxide,  therein-  clo^in!'  the  punctnr.- 
holes  and  resealinf,'  the  hhn. 

To  construct  a  lii;htnin:;  aiioter  ili,-  ( .  Il>  t,,  the  icpiin  d  numi.ri  are 
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piled  up  ar.d  clamped  together  in  series  .is  shown  in  I-i:;.  1.4;.',  a  >i)ark 
:,'ap,  seen  at  a,  being  placed  in  series  with  them.    Of  the  .irnsti'rs,  whirl 
air  >h(iwii  with  their  co\ti-,  icinovr.l,  a      to  protect  puwer  circuits  o. 
,JJS  to  ()5o  volts,  u  those  of  900  to  1,350  volt^,  and  c  is  for  circuits  of  2,100 
to  2,()00  volts. 

The  cell  inav  he  "  fMniud  "  i.r.  it-  .1.  ri,,„K.,  r.Mted  with  insulating 
niatrii.il  in  many  way>.  hut  a  j^'rrat  nmiiber  of  experiments  has  shown 
that  the  sim()l<-,t  nu  thod  is  to  coat  the  metal  electrode  with  a  thin  film 
of  varnish  by  >imply  dipping  the  burnished  metal  into  v.irni^h  ui  la.  ,pu  i 
before  making  up  the  cell.  This  film  of  v.irnish  beconi.  s  pun.  tuied  when 
an  over-voltage  is  applied,  and  a  disch.irgr  current  Hows  through  the 
minute  holes  so  proiiuced  ;  this  current  locally  heats  the  peroxide  in  the 
immediate  vicinity  of  the  puncture  and  converts  it  into  nd  1.  .id  .,r 
monoxide,  thus  scaling  up  tiie  pui-  tuir  witii  ,ni  iuMiiating  phi-  ..|  ih,- 
lower  oxide.  Tlie  ohmic  resistance  ol  the  rest  of  the  cell  during  such  a  dis- 
charge is  only  about  one  ohm,  being  thus  quite  low  and  offering  ver\  slight 
impedance  to  an  .\.c.  flow  of  energy  .it  abnonu.il  <i\  i  r-\ nlt.iyes. 

1-inally,  as  tliey  are  hermetically  sealed,  the  arrotets  cm  be  installed 
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out  of  doors  as  well  as  indoors  with  <mly  -ntti(  it  nt  ('kUk  tiun  from  tli. 
rain  to  pn\( m  tin  nils  being  short-circuitwl.  An  outdoor  pattern 
shown  in  l  ii,'  ;,  in  which  the  cells  are  protected  from  being  wettM  1.' 
tlif  nmi  hv  pvrainiilal  pittiinat-.  Tlir  -iilf  "f  tin-  Imu-int,'  is  nni..\.  i 
in  the  left-hand  iigure  to  ^ll()W  the  cells  arranged  in  the  interior.  Tli.  - 
arresters  with  their  spark-gaps  are  designed  to  protect  a  15,000  to  25,00". 
volt  oM-rluad  linr. 

The  Giles  Valve.— 1  he  ont>tandinf,'  defect  of  the  hiirn-gap  dischary. 
is  that  the  particular  phase  of  the  current 
at  which  rupture  occurs  is  quite  a  matter 
of  chance.  The  breaking  of  a  circuit 
when  carryini;  ( urrcnt  should  normally 
take  place  wlit  11  the  current  has  been 


Kis.  ,,433.— Oxkle  SIm  Lichtning  Arrester  Mounted  f  i 
Ouiiloor  X-^s*. 


reduced  to  its  smallest  value,  and  tlierefore^in  an  A.C  circuit  when  tlr 
current  has  zero  value,  as  otherwise,  especially  with  high  \oltag(  >  ,11! 
heavv  currents,  dangerous  surges  may  be  set  up,  as  we  have  seen  el- 
where.  With  a  horn-gap  the  break  may  take  place  at  the  very  top  ■  ! 
thr  ciirw,  and  this  contingenr\  lui-  nmcli  limited  the  use  of  a  devio 
which  otherwise  is  simple  and  convenient. 

One  of  the  most  successful  de\ices  for  overcoming  the  defect,  and  still 


u-iug  .1  >p.uk-u,iii  or 
which  is  given  in  Fig. 


gaps  tlic  (^'K-  Milv  ,  ;in  external  view  ■  ! 
1,4.54,  and  a  section  tluough  one  of  its  element. 
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in  l  if,',  1,4  ;5.  J  i„.  .  l.  etru  al  connpctions  are  shown  rtiatjramniati.  allv 
in  I-ig  i,4jo  which  is  taken  from  a  pa,.,T  I.v  M:.  („|,,.  I,.,,i,„.. 
first  with  the  Cnsram,  the  Hn..  ,  y  i,  conn.-,  t,  . I  t,.  a  ~,.a,  k-,ai.  ■  '  the 
..rth..r  ..l.rtro.l..  „f  ,vl,u  h  „  cnnn.vt.  .1.  thm,,,!,  a  r.-Mstance  R.  to 
tin.  n,t  .•l.  ctro.le  o(  a  series  of  s,wrk-gaps  ,4.  .-4  ,^ 
Ml  these  electrodes  are  insulateil  except  the 
last  which  is  conmrt.  .!  i,,  tlir  .  nth  plat.- 
V.  Each  insulated  .-l.  ctro.i,-  Iroiii  ,  '  onward- 
IS  so  shaped  as  to  toiin  one  plat.'  of  a  small 
.  ondenser,  of  which  i-:  is  the  otii,  i  plat, 

In  practice  the  first  spark-ijap  has  lu  ini- 
-I.li.  tiral.-h,  tn,.l,  s<>  c- ^Vxa.  1 ,4.J5),  vnclos,-d 
111  a  Klass  tube  to  i)rotect  it  from  dust,  and 
Its  length  can  be  adjusted  by  moving  the 
upper  electrode  <•'.    Th.-  resistanc-  k  is  a 
wire  resistance  of  about  i.f.ooohms.  mounted 
on  a  Vertical  insulating  tube.    The  discs  t*, 
(•*.  etc.,  are  made  of  non-arcing  metal,  and 
form  both  the  electrodes  of  the  nmltipl,- 
-paik-uaps  and  tlu-  insnlat.-d  plate-  of  tin- 
condensers,  of  which  the  cential  rod  i;  is 
the  earth  plate  ;  they  are  insulated  from 
one  another  and  from  i;  bv  the  niicnute 
sleeve      and  tin    micanite  riange  ring-  r. 
which  form  tlu'  -olid  dielectric  of  the  con- 
densers.   The  last  disc  i:<-  is  dir.etlv  („n- 
nected  to  e.    The  resistance  r  has  a  valn... 
a-  mentioned,  of  about  i.hoo  ohni-.  but  the 
effective  resistance  is  reduced,  by  placing 
from  6  to  12  columns  in  parallel,  to  a  value 
which  practice  and  th.'orv  liav.-  -h,.wn  to 
be  more  suitable.    The  parallel  colunn- 
are  electrically  connected  by  the  ring  .\ 
(F'g-  1.434).  which  i-  joinell  to  line  b\ 
the  rod  b  supported  and  in-ulated  by  the 
l  entral  olunin. 

The  apparatus  is  designed  to  protect  the  line  from  Iii«h-v.,ltaL..-  -mye- 
of  low  frequency,  and  acts  somewhat  as  follows  As-ume  th.t  the  work- 
ing voltage  >s  i.,,ooo.  the  hr-t  -pa,  k-,,ap  .s  -t  to  discharge  at  12  IZ- 
that  is,  at  25  per  cent,  above  the  normal  voltage.  If  ri-e,  „,  ',  ■  ^„., 
vol  s.  a  .park  will  pass  across,  and  the  conductor,  of  win,  h  .M-  a  part 
^  .  '  '  ,  ;  ''^  " ''"-''1  boni  .arth  potential  to  a  potential 
-ufhcent  to  drue  a  spark  across  the  next  much  Laller  gap  beU^^cn  ^ 
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and  c^.      I'll'-   .irtinii  .iluiii;  th.'  liii.'  m  ami  fmallv  t! 

potential  ot  <"  is  raised  suliiciintly  tor  a  >park  t.)  pas>  to  tlif  can:! 
plate  f".    In  siri,s  with  all  these  condonstrs  there  is  the  resistance  i 
which    plav-   its    p.irt    with   thr    tiltitll    spark-fjaps  i;i 
n  .li  -ipatiiifi  the  t  ii(  i>;\  oi  tlir  di^  hart,'<',  I'Ut  in  addition 

1  limits  the  current  passinu.  and  tlu  it  lui.-  the  tot.il  iiin--. 

dissipated.    On  this  account  more  than  one  column  .  ; 
vahi  s  is  lu'cessary,  it  beiii«  considered  that  the  bi-i 
v.iiiK   lur  the  filial  .ihiiiic  nM-t,mt  r  is  in  tlu-  iu  i,i;hl>. mi 
iiuud  ul  70  olinis.    To  riacli  this  valiu'  about  iz  Ci)h!iiiu 
would  Ik;  necessary,  asstuning  discharges  to  bt>  takin. 
place  simult;nii  .'\wl\  111  r,i<  !i. 

Static  ChargeS.--Allu-iniw  have  b.  .  n  made  above  t. 
the  necessity  for  protection  .i^;ain-t  charges  which  ac  n- 
mulate  espi  cially  on  overluail  tiansmission  and  distribii 
tioii  lines,  and  are  dtie  to  atmospheric  causes.   In  ordinai\ 
weather,  and  without  ivlereiui  to  I  he  <li-tiirbaiu  i  s  i,m-,.i 
by  storms,  the  electric  jjoteiilial  in  tiie  atniospheii  dMi.  1- 
in   different  localities  and  at  different  altitudes,  an  ! 
chaiii;es  somewhat  slowly  from  time  to  time.    \\\  .letu,. 
ccmtact  charged  cloud-,  snow  or  hail  may  coinmuni.  .iV 
electrical  charges  to  tlie  Ime.  which  may  also  be  nml.  i 
electric  induction.    Thus  the  electric  potentials  ot  tli 
atinos])herc  surrounding  an  overhead  line  in  diffrniii 
parts  of  its  route  may  diitn  bv  thou-ands  of  volts.  11, 
line  being  a  conductor  must  take  up  a  kind  ol  a\.  i,i^. 
value  as  regards  these  potentials,  and 
will  become  statically  chars^'ed  wherever 
this  average  value  dilters  Irom  the  poten- 
tial of  the  atmosphere  in  the  immediate 
vicinitv.    Till'  volta>,'es  involved  are  so 
great   that   tiuy  may   bad   to  serious 
breakdowns  of  the  insulation  of  the  machines  or  the 
mains,  if  nothing  be  done  to  dissipate  them  before  they 
assume  dangerous  values. 

A  simple  though  stmiewhat  ■  ostly  method  ot  prot.  c- 
tioii  external  to  the  circuit  against  the  dangers  ol  static 
charging  of  an  overhead  line  is  to  run  a  wire,  earthed  at 
frequent  inter\als,  above  and  parallel  to  the  transmission 
lines,  the  wire  being  supported  on  the  same  poles. 

The  simplest  method  of  protection  is  to  provide  permanent  leaks  i, 
earth,  so  designed  as  not  to  inteilt.e  with,  or  cause  serious  dibsipatioa  ei, 
llie  electric  energy  handled  by  the  power  system.     For  star-COnnect.  d 
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at  c.,^ofull^  .1,  ,„.,I  point>,  surl,  l.aks  will  allow  the  static  .1,  u  v.  ,  h 
anc  ...  oh.ic  resistances  are  son. what  c.^J:t'c^X:Tt 
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t  xiatwivf  watir  rtsistancis.  the  fittings  f.  i  win.  li  arc  constructtd  a»  shown 

in  l-ij:-  I  4;7  -hkI  '  4 th.  r.  furr  >w-.l.  Fii;.  I,4,i7  ««vi-s  a  side  view. 
•lUd  V\ii  I  r>^  If""'  ikv.itioii  ,  Ihf  (IrawiuKs  arr  jMrtly  in  section  and 
partly  in  outline,  and  it  is  pi.ssil.lr  tn  uuikv  uut  all  tlx  nni.nit..nt  .l.  taiK. 
Tl,r  r.  -i-t.ino'  ...n>i>ts  <-(  a  jit  of  watir  ri^ng  lr..ni  an  .artlud  n../zlf  h 
(I'lU  I  4 -,71.  and  >tnkiii«  against  an  inverted  cup,  which  is  connected  to 
thr^liiir  l''<  1>.'  protectid.  Till-  i-  l,  .MliHM.ihl.  in  l.  ni^th  .m.l  ,  p .  1 1. .„ . 
ha-  with  ordinary  watvr.  a  Millui.ntly  lii«li  rtM-tano-,  win.  1.  ni  .v  I..'  any- 
tiling  fr..m  io,(MHi  to  hundreds  ot  th..usands  of  ohms.  The  appaiatii-, 
th.'  pniu  ipal  .liiii.  n-i.>n>  of  wlii.  li  in  luilhnu^tres  are  given  in  the  figures. 
i>  .U'sigmd  lor  an  i.s,.H.o-v..lt  tlire.-plia^e  >y>teni.  and  the  jets  h,^v<'  .1 
resistance  of  alnnit  IVW^>  <'1>"'>  l'*-"-  •'^I-""  ''-       '"-"lati-n  .m.l 

r,,nn.  .  ti..n  .  .ui  he  made  out.  and  it  will  be  n.-tKvcl  that  an  an.nuter  1- 
MiM  It.  .1  in  ..n.-  ph.i-  t..  ni.  Msure  the  current  to  earth.    The  water  having 

-tnuk  tlir  iuv.rt.-.l  .up.  tall- 

h.  ii  k  int..  the  ha-in.  .iii.'  1  ,111 
either  be  aHowed  to  11111  to 
wa-tt  i>i  lu  i>umj)ed  back  into 
th.  jet  pipe.  A  Mmilar  piece 
u|  .ippar.itii-,  as  ni.id.'  t)\- 
.Messrs.  Isinthal  and  Co.,  and 
the  (leneral  Electric  Compan\ 

i.  t  l.ond.iii.  is  -li.'wn  in  I'l.^. 
I.4JI),  winch  is  rtpnuhu.d 
from  a  i)hotograph. 

Wat.t-j.  ts  are  n.jt  recom- 
mended for  voltages  al).Av  40,00,,  to  50.000  vo'.ts,  mdtss  they  are  of  very 
{K-rfect  design  and  are  carefully  and  ii  ,  .pu  nily  examined.  The  necessary 
water  should  lie  readily  and  cheaply  obtainable. 

lv/».      TKoll  .  iM\  ..|-    IVI'Ii  AI.  .  1K(  rils 

This  section  would  n..t  be  coiiipl.  le  with..ut  sonu>  lefen  nce.  li..w- 
<  v.  r  brief,  to  the  distribute  11  .d  the  protective  devices  which  have  bctn 
,l,  M  nl-..l.  aii.l  -oine  in.li.  aiioii  ..f  the  salient  points  at  which  it  is  con- 
sidered necessary  t.)  install  them. 

Condensers  and  Valves.-In  view  of  the  a.linitt..i  d.  fects  of  the 

houK.ip  am-t.r  an.l  oilur  -jMik-uap  devices,  to  which  reference  has 
i.een  made  .  iM  wheie,  It  lu,-  b.  -  ii  ( -inted  out  that  transmission  and  dis- 
tribution systems  can  be  .  nui.  ntlv  piot.  et.  .!  from  lii;litning  discharges  as 
well  as  snrces  without  the  u-.'  of  .  xpor-ed  spark-gaps. 

Messr-.  Isdithal  and  Co..  the  manufacturers  of  the  Moscicki  condensers 
and  the  (.il-  -  valv.s,  cnt.  n.l  tint  tli.  -e  .l,  vi.-es,  .-onibinid  with  <onv  -I 
the  simpler  devices  previunsly  .lescribed,  will  efficiently  protect  the  system 
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,         u    .  ir.-i-!  'i  "    thr  •  ttmi;- !■  '  whiili  an- i.>n>tnu  !•  <1  ri- -hown 

1„  'l^.  1.,:-           .  ,.     '     »»»«>.        "-'I  '  »;?  Uivt-sa  view. 

I  4';.s  .1  I  t.i.  v.iiu.ii     ih.  .h  iwiiii;-  .11.  [..iitlv  in  -trtion  and 

''„„tlv  m  ..xtiin.    ..!>.l  It      ,H  — l.lr      ni..k.'  i.m  ..11  ti,.  imiu.rtant  <l.t.ul-. 

.|  I     I    I  I   "t  •     I  li-iiiL'  iKM.i  .III  r.irtlif'l  ni>/.zl«'  M 

1.4;-  .m.l  -iiikmc  .1  ii-t  "1  in^-'-'l  'M-.  win.  Ii  1-  .-.mti.  -  tnl  t. 
th.~lm.'  t"  !»•  l)»..i.Tt..l.  rhi«  |.  t,  .mI|u-i..Ii1.  in  1.  .vt;th  >u<\  .1.--  m 
Ik.-  uith  .■..!in.ii\  Nv.u.  i.  .1  Miili.  i.  nth  IhkIi  n-wt.m..'.  win.  h  1  v  \ 
,I„i,,.  i....,,m  tM  liMii.h..!-  -I  tliMH-,n..i>  ..t  ,,hni-.     I'l.  .i.imL.i.iv 

iIh-  pnnn,Ml  .l.M>.  n-,..n-       ul  •!.     '  niillr  n.  t^iv.  n  in  ll,.-  tU'MVv 

„  .l.^iUM.l  lur  .Ul  i,\n.M,.v..li      n.-i-i,,,-.  .n.l  til.'  ,  ,v,-  ., 

,,-,-t.m.r  ..t  ..l..mi  IS-  i.r  i.l...^.-     .M,th...ls  ,,|  inM.l.iti..n  .n.l 

,     .,,n-n  .  <n  l.r  111       "Ut,  and   t  will       n..ti.,,l  tl,.,t  .,n  ..nun.  i. 
„,-.,,., I  M.         1.1,..-  W  -   •   M  t!,.;,n       ■  ......itl,      ih.-%v.,-.  iMvm.; 

-I  ,|,  in\.  !ti  i|  .  11)    :  ill- 

,it!i.-i         ill'  "    '   !••  i 

W   l-I,         !    In     |  Ut:         <i  '< 

ihi    j.  1   i'lpi  ilini.^ 
Ill   ,I11J>.I1  itll- 

^f^.,.l•,.  l-.iitl 
tin-  I  i.  lU  l.ll  i 

,.|     1  mIhImU 

1 ,4.;'(.  ^^lll'  li 
li..ni  .1  J>lii'I"i;i 

nun.l.'.!  I'll  v-'ltat;.-.  ..!>.. v  4"  '"""'  "i"'""" "'  "' 
,,,.,t.-.  t  .l.  -  -n  .111.1  .uv  .  ....  liillv  .m.i      .lu.niiv  rNaniin..!     1  !.■  n-. 
w.it- I  slu.iil.l  1"  i..nlilv  anil  ilii-U'lv 
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tomlensepb  and  Valves.  1 
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by  apparatus  n)Mni  <  t<'<l  pi  rniaiii  iitly  tin-  liiit  -  in  >in  li  a  \va\  a-  t>> 
run  little  <>r  no  ri>k  of  thv  conmction  bcinR  impaired  after  the  devices 
have  ojHTated. 

In  Plate  XVI..  fi>r\vhii  h  t!u-  author  i-  indebted  to  Me*-;rs.  Nenthal,  the 
tyi>ii  al  ]Mrt^  "t  111. -I  -\-ti  ni~  aif  t.iki  n  une  by  one,  an<l  it  is  -hown  dia- 
grannnaticaily  wlieie  tin-  prntertive 

devices  are  tti  be  placed  and  what      >  !  "  _     •■  . 

ili'vici-;  avf  tn  he  n-id  at  diffcitiU 
p.)nits  to  engine  prutietioii  .if^ani-t 
all  impulsive  disturbances  and 
a^^a'nst  static  cliaryes  due  to  at- 
nutspheric  electric  action.  The 
diagram     is  >trictly 
confined  to  in,  icatinj^  J 
these   positions,    and      *"  '  • 

'irdiiiarv     ^witrliiiiL;  ' 
and  otluT  apparatu-  are  not  im  hidi  d. 

The  plate  shows  a  miuratiiii; 
station  or  power  huti-f  fn'in  wlii.li 
t'le  three-jilia-e  A.i  .  p>i\vc  l  U'  lu  i  ati  il 
at  4,000  i»  tian-niittnl  in  ilil- 

feient  directions  at  4,000,  jJ,tM)o,  and 
50,000  volts,  either  by  cables  or  over- 
lii  ,1(1    linc^,    "1    hi. til.     The    di  t,iil> 


I 


ill 


- 1. 


 ^  Hx- 





should  he  cari  UiUv  examined.  It  will 
be  found  that  all  electro-magnetic 

.ijiparatus  is  jiintiMtrd  h\  vtiics  in- 
ductances or  limiting;  riart.ui' on 
each  phase,  tlir  middle  <■(  the  indnrt- 
ance  l)eing  earthed  through  an  isolat- 
ing link  and  a  Mosciiki  condenser. 
Till  latter,  it  will  he  rinirmlnred, 
lorms  almost  a  dead  earth  for  high- 
frequency  lightning  discharges,  and 
,i->i--t~  tlir  indiirtancf  in  iiiitii^'.itint; 
the    effect    111    lii\v-lreipii      \  >mge>. 

(iiles  valves  are  added  dost-  to  all 
generators  or  motors  to  deal  still 
freipiencv  smges. 

All  .iv.rli.ad  lines  an  in.iMdcd  vvith  series  inductatices  and  earthed 
condensers  in  -liiint  in  each  pha-e  at  each  end  inti  ri>..~i  d  In  tw.  i  n  the 
lines  and  th.-  .ipp.ir.itus  to  which  thrv  an-  ciuk  i  li  .l,  uiu  thn  hu-hai-, 
generators,  motors,  or  transforniers.    In  adtlition,  static  discharges  are 


y'tiS.  1,44c.— Details  of  ih«  Connei- 
ttono  of  a  Mf'>i.^  ki  CumletlMr. 


more  effectively  with  these  low- 
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.„.nh  ,l  a...iu,t  bv  dir.ct  leaks  tu  cartl.  at  cad.  e  nd  ,,f  h  ovc  rlu-a,! 
i,.  conduct..-,  the  U-ak  hcin,  deprived  of  tend^ncv  '^^f^:^;^:;:  '^ 
energy  from  the  Hne  cu>.ent.  bv  the  ...t. ,  poMU-m  u  cither  (1)  a  h.,h 
indt^tance  iron-cured  chukn.«  c.l.  ...  (.u  a  -7  -"  ,  '--^^   ;  ,^ 

Wherever  a  cable  is  joined  to  a..  ..v.  .lu  a,l  hne    lu  ,un.t  ...  aK„ 

,„,,t    t.  .l  bv  -e.i..^  in.h..  ta.,ce~  a.ul  earthed  by  cond...>er>  l-laced  o,,  a 
;;;;;  path,  t....u,h  ...........      .Hv..i...l      to  whether  th.s  .s  wor  h  do.n. 

for  the  Short  K-n^th  ..f  cable  at  a  „.ad  A    th.       .a.  t..  u 

.,ati..n  -  th..  -  xit  H,H.s.  being  only  at  250  volt.,  arc  dee.ned  t..  U  ^utl, 
c  entlv  protected  bv  a  series  inductance  and  tnult.ple-spark  gap.  .n  ., 
s  un  'c  r  u       Limiti,.K  .eac,a.,c.  .  m..  I,       .l.-.  nbed  at  pages  I35«  to 
V  f"   "   not  shown  n^  the  d.agran..    NVhc,  ti.c.e  are  to  protect 

Jenen,to,.  the>  should  be  placed  between  the  generator  and  the  Giles 
valve  ..1  M.-ci<  ki  i(in(hn>er.  .  »t     ■  1 

Dcta.N  of  tl,    ...tallati...,  ..f  a.,  indttctance  m  series  with  a  Moscick. 

condenser  in  leak  arc  give,  i..  Fig.  144"      ^'->  "'^  "■"i''-  " ^ 

?„."d      .     Th.  p.i.u-.pal  dimensions  are  given,  and  the  appa.at...  ha>  all 
.utlic.nth  .l.^cnbed  cLcwhere.  with  the  exception  of  the  ...lat,.,. 
1.  A,  whi.  h  ha.  an  in,.  ,. M,n,  .1..  ic.  f..r  ~.c.n,..  a  carbon  break  malun, 
■^^.d  metallic  contact  when  the  ...tel.      cl....l.    ^  -.rln,n  cylmd^^ 

vv.th  a  ...unded  end      fits  loosely  in  th..  hxed  cpper  cd....U  .    -S  Nvhib-t 

he  ,n,.val.l.  c.Ua.t  fngn.  ,        the  switch  has  a  carbon  tip         Tl  s 
ontact  tongue  .>  >o  -lu.p.d  a.,d  ......nU..!  that  when  the  sw,  ch  is  being 

lot  the  tt-o  carbons  just  make  c.Ua. ,.  but  a.  the  a„n      .l..v.  n  h.-n. 
,     1,....  .  a>l.....         .Iriven  up  within  the  K.«vr  cyl.ndcr  s,  a.-d  the  ..u-  a! 

of  .  .....k.^  ......1  ...bl>i     '""t^'ct  with  the  I .  n,o..tal  lower  face  of  >.  (.„ 

InL  th.-  ~w.tch.  tl...  .n.  tal  ...  f,..  e^  f.,.,  ..ntact^  but  the  c.,.  u. 

;!  .t.ll  held  closed  by       dropping  dow.i,  a.     ,.>e  l...al  '>'-^ 

occu.  between  the  surfaces  of  the  two  carbons  «.  and        These  carbon^ 

can  be  readily  and  cheaply  renewed  when  it  is  necessary. 

The  fore  -oing  pages  of  this  chapt. , .  vvtnl.t  bv  no  ,ncan-  cxlK.u-tiv> 
will  it  i.  h..l...l  g>v..  tl...  .va.l..r  s..m.  i.Ka  of  the  extent  and  fa.cu.atn., 
sitific  nat.-.c  ..f  the  subject  ..f  the  pn.tection  of  electric  p.wer  nrcu.ts, 
a  subject  up.n  which  the  last  word  has  not  y.-t  In-en  said. 


(To  Se^emr  I.  «b#  II.  II.) 
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li  1  nli-\  "1  ilid  ^vr 

•'til  i  III  at,  iJ.->),  iJ  t ) 
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B  >w  (Li.iitl.in),  gcnt'ratuiK  stati'.n 

at.  44J-'' 
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   ■  w^>und    r  ■)t  (t,  witltintt 

slip  riniS'.  712 
British     We-'lin^h  juse  chokinit 

cjil,  usS 
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^plit  conduct  >r   'V*i"m,  mi 

( iiv    ,/  \  '    Wr-i  1  imii'njiir) 
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 .          f.  r  tnrbi  -ilyiiani  -. 

.  tu.i^iii  t  -u\>\''  rtc  .1,  I  S  i 
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  vnltnntcrs,  ir.ft),  ii-to 

Ce  ll'-,    lici  f-'iiv    i  f    ( Icanlini 
(.,r.  I.  '  I 

  lit  >•( . ';iid.(ry  battrii(«.  i-- 
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ihrcf  phase  indixtiun  nnit'ir>. 
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-  11. i«  nnil.  I-'t  Uiik,  Kfft 
4lt'  rti.it'  r,  .-|- 

*  i  ti'lmil'.      t.  " 

,  .%U*  rum      >   ""»■'  »i  "■■ 

t    Iff  \  n.  't-  r,  r-il 

 t  XWjh-  ■'  ! 

-  -,  M •  'iri'1 ,  '  Ji  f 

,  w  ■  iiu  I.   ■  .  I 
Str.i!ii  -  ^*  ■ 

St'.tui  '!ii\f  li  ]•  wrr  •Mti'.d*-.  4-- 
Strrl.       t  irii  .il-.!  iiv    i  urif  ami 

•  i.it.i  .  t.  t:. 
SleiniiHi/  '  iitp"'  «"(fhiuui, 

ft  iiuliKtioii  motor,  74' 
Si- I'P*  '  "  •"'*         tTan^fnrnii  r, 
•••■I 

St'  ll'  u-tn     1 1    Ui:'i  .    II'  -■ 
StOT>IM;ifc:  .  .      II''  I 

Stiandt  •!   f  "n»lu«  t -i  >,    iyi'(  ■  f 

joidi    t"r.  II'') 
"  sti  'i  -     I . ."  lb' . 
Sti'  1"  -    ,  1'     tii-r*.  nrysdalr'". 

,  ilhimiuatinn  '^.^ 
.  R..hcrtson'«..  X  (.  ^  ' 

-  •  -■,!(<  rl  measurcmt  nt.  s 
Sill,  vtatim  battery.  (tiM  i  ■  t . 

1   i-l  .tr    vnlt.lfic  1'  la  !t 

rn      r   urnrr.it'  i  .  i.'i.. 

,   .iitilr..>r,  ^^il^|  puntii  niotur--. 

1^41 

voltngi*  trgiilatioD,  1304 
Sub-'-tatinns,  iai4 

-  -.  kinetic  tran-fotiii'r.  i.-o 

   ^  op"  r.itiiiii  ut,  I-'  ; 

,  tipf  rations  in,  1294 

,        tnl.iry    battery  rcR'iIa- 

—  b,i"'-rirs    in  gencrat- 
iiu*       ..  I  .'71 
.  -'.A'      !rau--former,  ijif 

— ,  <>peiatif>n  of,  134- 
Si'  ■        I  T   (!ritrir  tab!cs  and 

oilif r  sf  r\  irr«,  1167 
 .  |,  w-\..ll.if:.  .  I. 

-  —  «V't' m-^     II' t 

 Ti an' t  irnif  r  chamber,  121  ? 

Stiction-iias  producer  plant,  461 

 —  fnr  bituminous 

furl 

Slirt;  :i         lilt     £iir  lo*-giade 

,  fllf).  4'S 

Sulphur,  influence  <.f,  mo 

PumccS  formula,  soi 

SupportinR  k'"'''  nickel-ifon 
secondary  '  't- 

Surges  and  aimofpheric  elec- 
tricity,   protection  aeainst, 

 ,  mfrh.inirnl    rffrrt<    nf,  yiij 


.Sit>i>t  r.l' >t  ■■   uA.uX  t«  t  iamping, 
1 1  • 

\<  llr  ,fi    ■  .1!  W  ,  liM 
>U    p.'Mi.t'.     ..ill..  MX 

ti    tli-'il.tt   I*,    II  .1 

.  t'-iiDiE,  tn- 
SwinlMittir.   Mr     U'li".  »■*;'•  ri 

ini  III-*  '  I ,  I  ii  i.  ■.si 
Sw  it-  li     art.i'  »;(  tiiMt!     '  I  hi»;li 
\.'llaiir   .  .      ^>-U  111.  II 

 *"tin»t  ti'  ii  ,  -.rquetite  i  t,  "17 

|..f        ~(.irtinK        Mu.  adt  d 
til'  l-  i . 

Ill-   .    1  1 

fc;.il!'  tv   I  K-  .   \^■U^.  1. 

HI  -itp,  r  \plaiiai i*'ii    1 . 
pillar, 

,  !.  -till*;   "    iitai  tN  '  II.   I.  * 
.s»  il.  hb.-.ii-f  til  n-''. 

I.-i  ■  ,ld  .  t  11  It  »;*i-  itl'  'I,  i.S.-, 

.  Ill  I.  .V  >  \V  Kly  ^  i>>- 
-tal  1- 'II,   I .  . 

S»il.  hl-Mrffl-.  I.  ' 

A,.   lr..Ui.  ^.1 

,  '  la»x-ft..,lt  .;i  I, 

.  i.  f.  > 

.  ■  .  »:i  M-  rat  'l,  ,  --7 
.  -k  1  ■  lilt'  1.  *4".  5^4. 
.  .ill.  ,  tlv  'iprratu!, 

,  "  i;ri'lii''U  "    »  <  I 

.  I ,  c . 

-    .  .      'iii.it  *   'i-liti-  ri'i  t-  r,  ci., 
1  .w  ^  .ilt.n;i    1  r  .    «J  t 
.  vbj<.  t-       I,  :i- 

,  panri,  ijt,  '. 
r(  ctil.itii!^         i  !  lit'  IV.  ; 
I'l  Xi-  . 

-SW  ill  llr  ~.        a'll    111. it  !(         -t  I  H  ill,,  . 

'71.   7*1.  7- 

-,  r-.mprr^^i  '11  '.taitrf'.,  i'- - 
.  'l.i-Ii  pot    rrtardation,  ^71 
.  ill      (■■t  cyliiidric)  «tartcr> 

t.'::  % 

 ,  iacr-platr  -^tartrr^,    =S.  f'? 

-  ,  •'  f  '  'l  pr  ■  I  "  -(art.  r-.  ■  '  ; 
 ,  <t<.  li.in.l!'  .  -■ 

 .  Iii  cli  ■  .    >  - 

,  Tiiiilti pi.  -  A  It.  !i  -t. lite  r-,  ^■ 

il. 

,    !arlr;c.  ;S 

—    .Ml  !   .      ■  1  llinc,  7ir 
S«  :  irhcf.ir       in      1  .i^rmrnt  cf 

L.r  C.  ^'il  '•lati'-iii,  IS*-; 
Sw  it^erl.uid,   r.fviiin  c«iirr.itinE 

stutif^n,  511,  51! 

-  IiiEh  "  head  "  hydro-electric 
"^t.ttion  in,  400.  ^''i-t 

"  Svk'--  "  -  --n^lu  I-.   II'  J.  ll'^'' 

^\ iir!ir .  Tii  ^f-i  ■  ('!•<•  S\ n.hro^cope'-) 

Nvnchr-Tiitin,^-    r  t.iri'',  99*3 

Synchion?']-^  m~t'-T'^.  71c,  7i* 

— _  ,  as     j'ha^e  advanrerp, 


Sviu  hfi  II    11^   Ill.'t'  t*.    U"  »  t 

.  -tailinn    .  f.    (  ,  ,  -1 
S\  li,  K  r    -.     ■  r-.    I  I  I  r  .lilt ; ,  ,  - 
.  '     11/    1.1  .ll     .  I'  *k  *'  *  t  .  Tl 

.     II  tin  lis     ,  1  llal-kf ,  i»  I 

,  \  i.ii;.»l.i,    4  - 

.  \Vr  *l    11,    \\     tt    tl  / 

>\  1..  I. TO  <  p.  .  i  . 

,  .  -  I'tH  .  1 1'  II'-  I  -  r .  -I       i  ^ 
.  rl  .  tr  '  dMiaitK  inrtf I.  ,1. 
,  lailip.  .J? 
.  tn.il  't ,   I  t.   4  t 

.  I  .11.  l.d^cumit 
t"  '".  I*  1,  V  <; 
.  \  -ItiiM  irr,  «j* 


T 

1 .11  h.-me  *»  T.  »».  .•, 
t  .tlik-      <   'Tl  un.id  d     l'^      1;.'  I. 
r  ,  !i.       ,.i  M.c 

I  1 .1  :i  - 1    r  tin  r    t.i  lilt' ) 
"  1  api.  'i*:  "       if  nlal  ^,  i 
rariii'-.    <  i 
~-   .  .\ .  I  It'  .!   I  iin  Ill' 
lappKi^-.       .  1-  >- 

—  ,  .  .  :i:i<  .  I  i.  11'    I    I.  - 

Tayl  r.  Mi    \    M  .  .-1.  1." 

"  fri  "   •  -iiit  h'-'M  -,  I 

'I  M-  : ><■( .iitiic  curM" ,  aii.Jy  It 

—  .  .  tfr,  t-     >f  .    I  • 

-     t,  -t     .  t     tr  i-:-  AT     "1  't't. 

1  f  n-p""''  .1\  .   ni:u-f.<  i 

t  lil.it  !■  !i-   !■  r.  iSi 
I'ln  1       niivl'-admi!  u?--    f  « 

1  -  I  ininal    pnlr    t  .r    tw  -  i!i 

pli.i-<-  1  \nr<-,   1 1.  « 
Vi nil  I  na!*,  ccTi,!if .  r  i.  >ii-  f  .  , 

—  f  ^r  iransioriin  i  , 

 t.f    turl.'.-.ilif  rn.ii-  i~.  •■ 

T.  -t-ctirvf s  i.f   blip  ring  i-, 

tion  mntni,  fo7 
Tt-tinK  h.  d.  V  rtb.impt' 11  V 
fchiii.-    In-(,tute.  >^.^ 

—  r  I  .  .lynaino*.  $47 

---   PTi^ulation  cf  live  riM^  • 
I  n7 

...f  alternati^r^.  « if 
 ii  larce  ceir-rat'  i<,  * 

—  f,f   <tat t  r  .ir.-  f   1  m^i-. 

1 .  .i--bralli  r.:-  !.-  pi<  t< . 
TeM^  of  LanRdon-Davi' ^ 

pha«e  motors,  See 
"  Thermal  time  conitant," 
Third-brush  regiilatinn  v 

:icr.  1-51 
barmonic,  34* 
Th' mp*on,  Dr,   S.   V  .  U% 
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Ihi.r  •■li. 


I         .'  !  :    Kit!  (t.  f. 
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I  (iif        i,   IT.  (  ,  h^n 
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i-         ,   ....  1    H    -  . 


-  m.iTn--.  .innM.t!  r-  .t  {>*r'n.'(.  i'>  :  t 
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 lltii'-'T    ^Itl  -tall  IJ4 

~—   I  vf  thrn-l  linr.  ii  • 

■  TfpiiNinn  r-,  -*i 

!1  ti.i:  -r  r  lU'  i  ■ .    ■ ; 
 ^ijikI.  -.-.•n  Hit     ••      I .  Mi, 

t.iri  .  II.-- 
—      "  't.tr  lilt  II  *      tr.iii-t  ri'K-r 

I    iinr  ( t  ifn  -,(1 


T.-r<iii'  .  '(.irtiiii:.  •  .i: 

II.  1 1  .■ ; 

1  i.T.  k    '  I-  .  -l'  r  .  I 

Irvr  .   ,  .,.!,!,  I) 

r  Rl  Ivvav.  h  f!i 

■  '  ■.   '  ■  ,  ■■  -  cur-.*-  I. 

S  7 


—  -T  ■'  -I  ir 
I   lift'   'i'  'f,  i.i.' 

—  ■  -t.ti  /  i:/.ik' ■■    tr  in'-f- Tm^r 

f  nrir«  ti.  n-.  r,,4 

 *-tatir  b:ila (-''''  r*.   1 1  o 

 •-lai'tr,  wiftihnf;. 

 to  'iriKlr-pfi.i*^  1 1  .ir:tf  orm.i- 

ti.  n   with    tllpl'    irrr\\ir;;r\\  r,:.: 

 tr  «.i\.[.l.,i-r  tr.i:isf  Tm.Tt  'n. 

relatinn«.  nj? 


 .    \N  .tit'  I    I    ■  \:\rt.:.    ^   X         i  •  ft  : 

t:i  t   T- ,    rri-  ;i<  j.h.i*f        rriii"!  '  *  "■'  t-**J 
f.it   r,  *  .  ,  .   ■     :v   "  •■ 
Tram-!  icliri  !ig      |l jv-  v                       >    !  .  j  v  i' t-.    i  i 
I  ramc.iT  ni  t-  t.  tri'i-h-'I  K  ni«-  m                   '      ^-^S  ^ 
H-  ti^t  It.                                             :   ^  .      .    I  • 
 ^  ,  .trmatjir*-  'f. 


1  -  •-  f. 
'    '!    I  r 

1  ^  V  .  r  ■ .  1  ■ 


.  f  !».  >:ru-!i  ^'  tr  t  t,  '  It 
_  .  rrmmilTat'  f.    fir,  '14 
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'I  riinvfnrmrr* 


^t.t [it-(  urrPMt. 


cooled  by  ajr  bU-.t,  yj7 

—  .  cooliog,  8C4  et  915 

.  lifinK  iif  y  <  Itaiiiiitu,  ,!i 

!iii;h-\ultaKc.  i 

in  Atlanta  sub-^italion,  uj; 

in  outdoor  sub-^tatious,  u.i'j 
,  kinetic  laet  Ktiiftir) 
,  losses  in,  1)31 
,  other  applitati  >ns  of,  974 
,  paralleling,  oi7*  i<i4i 
.  p>Iyphase,  gj? 
,  pottntial.  tjo 

-  .  "  primary  "  antl  *'  bioii- 
ilary  "  :  mi-.usi-  i»f  tcrnn.  i^-^jj 
(fnti/notf) 

protection  of,  114', 
,  "  ring-core,"  ly  > 
 .  single-phase  to  ^inglf  phase, 

.  statir,  S59  ft  se/f. 

.  »  classifiration  of, 

.  ,  ro.>ling  of,  <)i5 

 ^  — dt'taiK    '.f  fon-^trur- 

lion.  Inn 

—  -   .  — .  '  IfTtrit   ■■  ir-  nit^. 

.  ,  for    "iin  rial    piirp  >-t--. 

Ijrtr 

.  .  inaKHctir    (  iri  uit,  S75 

,   ,  inoilfTii,  A'  f, 

—  -,  ,  tc-tins',  gr; 

—  -  .     -   .  tht  iry     f ,  i.S 

-  .   —  .  \\  nrk  inp  ■  .f .  .j  -t 

.  thrtr-plia'.r    n    t!irtf  -pha-r, 

,  twA  bank-  nf,  i»  I..  &-  S  \V. 

R!v      clt-ct-ifiratinn  '=^y'^trm, 

 ,  tw  i  pha-e  to  t\v --phase,  gj.. 

"Transforming"  station,  (itfini- 

tion  of,  170 
Trail smis'iinn   fand  distribution). 

definition  of,  ii  -t 

  dynamometer.  8(i 

 ,  Ayrt»-m    and  perry's, 

-   ,  von  Alteneck'";. 

,  cMra  -  high  -  voltage  over- 
brad.  iii3 

—  of  electric  enersy,  1  cf  ney., 
tioo 

" —  overhead  limn,  11  < 

-  <y«tem^,  1184 

— ,  A.'C  ,  in^ 

 .  C.-C,  lion 

—   ^  ex.      A.C..  I.;  : 

   ,  engineering  cfficitmy, 

of    i!-trii.ut'..H.  i:r-, 
'.f  tr.iii-iii!-~i.-ii,  ii'ii4 
.  pulyi  vi.  1 1L-,  ijoj 
,  ring  niatn«,  lanj 


Transnii'ision,  th*'  r  .-iductor.  not 
—  *  t  'vs  cr-*,     1  (iunilaiions  and 

I  ri  L ti'jiii,  1IJ4,  11^5 
 ,  uiKli'rs  round      rablc  laying. 

II!] 

I  rii'ii.t  <    III  ■!  T,  ri-vcr^ing  rota- 

t i  'H   '1 ,  75'j 
  rotor,  starting    switch  t-'t, 

I  riplf-f ri-  iurni  y   (  iirr-  rits   in  al- 
ternator-.,  :  (7,   ;  ;S 

-  ~    -  -    .  riK'tii  u!     .t  i!.t,iinin« 


1185 


—  .  St.ltii.      [T  jdlli.  til  ■!!  Fif, 

1  ripU-polf  switch  fuse,  1331 
i  r  >ttt  r.  Mr    A.  P.,  147 
I  f  itiuh  -.y -.terns  of  cable-lay i  hk. 
II'',  I 

"  Tuhe  "    ri--i-tanc(s    for  rheo- 

stats,  is^,  1H4 
Tinu.ir  rctifiers,  11194,  1095 
I  iiiiiut;-!  )rk.  electrically  drivt  n, 

Turbine  ?    reciprocating  engines, 

4,^7 

Turbines     dr i v<  □     by  exiiaust 
steam,  .t7'< 

 ,  water.        et  se^. 

— .  waitT-driven.  257 
I  urbo-;iItt-rnatc.r,     A. E.G., 

-  -,  British    Thomson  -  Houston, 

-■  ■').  -31 

,   nrnir    I'rrbl.s.  .-.-S 

<  .III  pa  red    with  rtcipr-'tal- 
inif  -et.  417 

-  ,  Dirk.  Kerr,  aio,  231 

.  Pat-  .n".  --j.j  i 
I  iir!  ■  .ilti  rij.it  r-,  a  ventilating  ! 

^ystetii   |r,r.    12$  j 
anrlioriuK  the  end  omnee- 1 

tors,  II')  I 
- — — ,  arm.it  vrr    \v i iid iiiys   ^ tf .    1 1  ; 

 ,  b.tl.iiii  iii^r      .  u  ) 

 ,  Ilt  'W  11.    U'^v rri    mi  tliod  r.f 

ventilatinK.  1^4  1 
 ,  t.i)n>.tructio!i   of   rotors   for, ; 

285  rf  sii- 

 ,  di-^c  armatures  of,  317 

 ,  fif-Id  titaciiets  of,  2S4 

,  b' .11   iin-.> -■■n  ment  of,  SsS 

,  bisll  sprrd.  r.-S 

 ,  mt'fbanical  details  of^  ; 

 ,  pr  -blcm  of  waste  heat,  ^.-i' 

-  -.ilit  iii  p  Mr     field  -  magni  t-. 

f    T.  .-JI 

,  trrminaK  ^f,  i:S 

 ,  ventilation  "^f,  323  | 

Turb-'-comnmtatr'r     under  con- 

striirti  Ml.  us 
Turbo-ityn.im  >,  a   t  Mir-pole  field 

winding;  for,  II j 
— —  armatures,  87 


'i  urbo-dynam Br  .wn.  II  ■^^ '  ri,  •* 
91 

  — _    ,  iinture*         o  11 

-.haft  of,  no 
 .  Ilrush   Ilh-rtrir.il    P.ii c  1  ri'^'-r- 

rm    I'  .  .    ).ru-Ii    1 1^;^  11;^      I , 

.  fi'  i  1     u  iudini;    ot     \',\   w  d, 

n.v.M,  >i3 

.  (it  .icral        Klfttric  ini- 

;<any'<i  homopolar. 

.  metailtc    brush    gear  for, 

i'.7 

 .  Pars.-ns.  H'. 

.  Siemens,  15 
 .  unw  'iind     field-frame  and 

)   iVV  ot,  14 

.  \Vi  -tiiiL;I:  iiisc,  ,'ic!d  wiii  lin< 
■I.  11.- 

'  --     with    I  onipMisatin(4  wind 

ings.  107 
Turbo  dynaruos,   bru&h   gear  lor 

lilt  t .il I ,     brii-hcs,  1O7 

r-«»;ing     for  Brown, 

Iloveri        Co  *s,  169 
 .    - — •  of  Westinghonse. 

171 

 .  fimmutators    for,    137,  ij8, 

1:1.  140.  141.  143 

 ,  fxiit.ition  of,  114 

 .  fi-  Id  magnet    wiDdingt  "f. 

114 

 ,  fceld-maynt      of,  11  j 

 .  hi^h-sp-  t  d.    1  ; 

■    .  piH-iiin.il  .    I.ni^h    f  If,  isi 
,11-.!       .t     1  ::t  (  I  p  '!■■■-    [  tl,  III 
l  iirb  'rotary    w  orkin^,    137,    i-  7. 
1008 

Turniui;  mom*  nt,  838 
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